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Description 

[0001] The present invention relates to a process for producing 3-amino-2-oxo-1-halogenopropane derivatives, 
wlilch can be converted to optically active 3-substituted-3-amino-1,2-epoxypropane derivatives which are equivalent 
5 substances of a-aminoalcohol derivatives that are important as intermediates for HIV protease inhibitors or certain 
enzyme inhibitors. 

[0002] a-Aminoalcohol derivatives which can easily be converted from optically active 3-substituted-3-amino- 
1,2-epoxypropane derivatives are used as intermediates for synthesis of a large number of HIV protease inhibitors 
such as R031-8959 [Parkes K. et al (Roche), J. Org. Chem., 1994. 59, 3656.], SC-52151 [Getman D. P. et al. (I^on- 

10 santo), J. Med. Chem., 1993, 36, 288.] and VX478 [(Verte) WO9405639], AG1343 [(Lilly) W095/21164]. 

[0003] Known examples of a method of producing 3-amino-1 ,2-epoxypropane derivatives include a method In which 
the 2-position of an N-protected-3-amino-2-oxo-1-halogenopropane Is reduced stereoselectively to form the corre- 
sponding alcohol, and this alcohol is then epoxidized through dehydrohalogenation (Getman D. P. et al., J. Med. Chem., 
1993, 36, 288.), a method in which N-protected-3-amino-1-propene is epoxidized oxidatively asymmetrically (Luly J. 

15 R. et al., J. Org. Chem., 1987, 52, 1487.), and a method in which methylene is inserted into N-protected-3-amino- 

1- propanal (Searle G. D., W093/23388.). 

[0004] In the first method, it is important how the key intermediate N-protected 3-amlno-2-oxo-1-halogenopropane 
or its equivalent substance can be produced industrially at low cost. However, industrialization of this method Is limited 
since it has to use diazomethane having quite a high explosiveness and a strong toxicity as a sub-starting material (for 

20 example, Getman D. P. et al., J. Med. Chem., 1993, 36, 288., Okada Y. et al., Chem, Pharm. Bull., 1988, 36, 4794., 
EP 346847., Raddatz P et al., J. Med. Chem.. 1991, 34, 3267.). Further, there is a method in which an N-substituted 
amino acid ester Is reacted with a halomethyl anion. However, quite an unstable halomethyl anion is used, and a 
halogen to be introduced Into the 1 -position can presumably be limited to chlorine or fluorine in view of a common 
chemical knowledge. For these reasons, industrialization of this method is limited (Bariuenga et al., J. Chem. Soc, 

25 Chem. Commun., 1994.). Still further, a method in which after a C-terminal of an N-substituted amino acid is activated, 
the resulting compound is reacted with fluoromalonic acid half ester for decarboxylation (EP 442754) can be mentioned 
as a known technology associated with the present invention. In this method, however, the halogen is limited to a 
special element, fluorine. Therefore, this method cannot be applied to a system containing chlorine or bromine for 
achieving the object of the present invention. 

30 [0005] In the second method, the Wittig reaction of a costly aldehyde (3-amino-1 -propanal) is utilized to produce the 
key intermediate, N-substituted-3-amino-1-propene. Consequently, this method takes quite a high cost. Further, in the 
third method, not only does the method of forming the intermediate N-substituted aldehyde entail a high cost, but also 
carisen has to be formed at a low temperature when inserting methylene. Accordingly, this method is not industrially 
appropriate. 

35 [0006] US 5 021 454 discloses certain derivatives of 4-amino-3-oxo-2-halogeno-butanoic acid esters useful as fun- 
gicides. Table 1 of this document includes various derivatives having two alkyi substituents at the 4-position. No sub- 
sequent processing of these compounds is described. 

[0007] Embodiments of the present invention can provide an industrial process for producing a 3-amino-2-oxo-1 -hal- 
ogenopropane derivative which can easily be converted to a 3-amlno-1,2-epoxypropane derivative. 
40 [0008] EP-A-0 754 669 (published on 8 August 1996 as WO 96/23756) discloses a method of producing 3-amino- 

2- 0X0-1 -halogenopropane derivatives in which an amino acid derivative is reacted with a metal enolate prepared from 
an a-haloacetic acid. 

[0009] The present inventors have conducted investigations to study the above-mentioned problems, and have fo- 
cussed on the fact that a 3-amino-1,2-epoxypropane derivative or its equivalent substance can be produced from the 
45 corresponding 3-amino-2-oxo-1 -halogenopropane in a high yield. They have found its precursor, a novel a-halogeno- 
|3-keto ester derivative and a process for producing the same. These findings have led to the completion of the present 
invention. 

[0010] That is, the present invention relates to (i) a process for producing a 3-amino-2-oxo-1 -halogenopropane de- 
rivative represented by fomnula (V) 

50 
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or its salt, wherein: 

R3 represents hydrogen, an alkyi group having from 1 to 10 carbon atoms, an aryl group having from 6 to 15 carbon 
atoms, an aralkyi group having from 7 to 20 carbon atoms, or the above-mentioned groups containing a hetero 
5 atom in the carbon skeleton, 

and P2, independently from each other, represent hydrogen or an amino-protecting group, or and P2 together 
form a difunctional amino-protecting group, 
and 

X represents a halogen atom other than fluorine, which process comprises reacting a compound represented by 
10 formula (I) 



Pi o 

15 p --^V^E, 

P2 T (I) 

Rs 

wherein 

20 

Rg, P^, P2 and X are as defined above, and 

represents, as an active carboxy terminal, an ester residue of alkoxy having from 1 to 10 carbon atoms, a 
phenoxy or benzyloxy group which may have a substituent in the ring, an active ester residue of N-oxysuc- 
cinimide or 1-oxybenzotriazole, an active thioester residue, an imidazolyl group or a residue capable of forming 
25 an acid halide, an acid anhydride or an acid azido 

with an alkali metal enolate of an acetate to obtain a compound represented by formula (II) 



30 




(II) 



Rs 



35 

wherein 

Rg, P^ and P2 are as defined above, and 

R^ represents an alkyI group having from 1 to 10 carbon atoms, an aryl group having from 6 to 15 carbon atoms, 
40 or an aralkyi group having from 7 to 20 carbon atoms, reacting the compound of formula (II) with a halogenating 

agent for halogenation of the 2-position to form a 4-amino-3-oxo-2-halogenobutanoic acid ester derivative repre- 
sented by formula (III) 



45 




(III) 



Rs X 



50 

wherein Rg, P^, P2 and R^ are as defined above, further hydrolyzing the resulting compound of formula (III), and 
decarboxytating the hydrolyzate; 

and (ii) a process for producing a 3-amino-2-oxo-1-halogenopropane derivative represented by formula (V) 

55 



3 
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Pi o 

^^-y-^^-^^ (V) 

Rs 



or Its salt, wherein: 

Rg, P^, P2, and X are as defined above, which process comprises reacting a compound represented by 
formula (I) 



Pi O 



Rs 



wherein 

R3, P^, P2, and X are as defined above, with an alkali metal enolate ordianion of a compound represented 
20 by formula (IV) 

O 



X^^Q.R, (IV) 



wherein X and are as defined above, to form the 4-amino-3-oxo-2-halogenobutanoic acid ester or salt 
derivative represented by formula (III) 




35 



wherein Rg, R^ P^, Pg and X are as defined above, 
40 further hydrolyzing the resulting compound of formula (III), and decarboxylating the hydrolyzate; 

and (ill) the 4-amino-3-oxo-2-halogenobutanolc acid ester or salt derivative of formula (111) which is an intermediate 
for the production of the compound of formula (V). 

[0011] The compound of formula (I) which is used In the present invention is a natural or artificial protected a-amino 
45 acid in which an amino group is protected with a protecting group and a carboxyl group is converted to a functional 
group which can be reacted v^nth a nucleophillc agent. 

[0012] The compound of formula (I) can have optical activity owing to the steric configuration of the carbon atom at 
the root of the amino acid (except where Rs=H). For example, when an optically active amino acid is selected as a 
starting material, It can easily be applied to the synthesis of the desired compound having an optical activity 

50 [0013] Rs in formula (I) may be hydrogen or an ordinary substituent such as alkyi, aryl or aralkyi, as defined above. 
For example, when it is a methyl group, a compound having an alanine structure is formed. When it Is a benzyl group, 
a compound having a phenylalanine structure is formed. P^ and Pg are ordinary amino-protecting groups, or hydrogen 
atoms, or P-, and P2 together form a difunctlonal amino-protecting group. Examples thereof include benzyloxycarbonyl, 
tert-butoxycarbonyl, acetyl, formyl, benzoyl, dibenzyl and phthaloyl. P^ and P2 may be determined in consideration of 

55 the selectivity for the functional group in the hydrolysis and the decarboxylation of the ester group (R^) which will be 
described later. should be a functional group of a carboxy terminal which can be reacted with a nucleophillc agent. 
Examples thereof include lower ester, active ester, acid halide and acid anhydride residues. Examples thereof include 
methoxy, ethoxy, benzoxy, substituted benzoxy, phenoxy, substituted phenoxy, N-oxysuccinimide, 1-oxybenzotriazole, 
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imidazolyl, chlorine, bromine, methoxycarboxy, isobutoxycarboxy and tert-butylcarboxy 

[0014] Specific examples of the compound of formula (I) include N-henzyloxycarbonyl-L-phenylalanlne methyl ester, 
N-benzyloxycarbonyl-L-phenylalanine-N-oxysuccinimide ester, N,N-dibenzyl-L-phenylalanine-p-nitrophenyl ester and 
N-benzyloxycarbonyl-S-phenyl-L-cysteine methyl ester. 
5 [0015] The compound of formula (I) can be formed by protecting an amino group of a natural or artificial a-amino 
acid by a method which is ordinarily used in synthesis of a peptide, and then esterifying or halogenating the carboxyl 
group by a method which is ordinarily used in synthesis of a peptide. 

[0016] The conversion of the compound of formula (I) to the compound of formula (II) is a reaction in which the ester, 
the acid halide or the acrd anhydride of formula (I) is reacted with an acetate enolate derived from an acetic acid ester 

10 to form the (J-keto ester. The acetate enolate refers to an alkali metal salt, and a lithium salt is most preferable. This 
enolate may be formed by adding an acetic acid ester to a solution of a base such as lithium amide, lithium diisopro- 
pylamide or lithium tert-butoxide. The ester of the acetic acid ester refers to a carboxylic acid ester which is ordinarily 
used. Examples thereof include an alkyi ester, and an aralkyi ester. Specifically, a hydrolyzable ester of methyl, ethyl, 
tert-butyl, or benzyl is available. 

15 [0017] The acetate enolate is preferably used in an amount of at least 1 equivalent based on the substrate (I). Since 
1 equivalent of the base is used to form the p-keto ester enolate of the product, the reaction proceeds well upon using 
at least 2 equivalents of the acetate enolate. 

[0018] This reaction rapidly proceeds at a temperature of from -100°C to room temperature. The optimum temper- 
ature varies depending on the compound. Typically, the reaction Is completed at a temperature of from -75°C to-30°C 
20 for from 5 to 60 minutes. The reaction solvent may be a hydrocarbon or ether. Specific examples of the reaction solvent 
include tetrahydrofuran, hexane, toluene and a mixture thereof. The reaction concentration is not particularly limited, 
and it may be determined depending on the solubility of the reaction product. 

[0019] After the completion of the reaction, the reaction solution is treated with an acid to protonate the alkyI metal 
salt of the product and give the p-keto ester of formula (II). This compound can easily be purified through silica-gel 
25 chromatography. However, the compound in an unpurified state can also be used as a starting material in the subse- 
quent reaction. 

[0020] The conversion from the compound of formula (II) to the compound of formula (III) is a reaction in which 
hydrogen of active methylene in the p-keto ester of formula (II) is oxidatively halogenated with various halogenating 
agents to obtain the 4-amino-3-oxo-2-halogenobutanoic acid ester derivative of formula (III). The reaction easily pro- 

30 ceeds only by mixing the p-keto ester with the halogenating agent in a solvent. 

[0021] The halogenating agent may be N-bromosuccinimide, copper (II) bromide or bromine in the case of bromi- 
nation, and N-chlorosuccinimide, copper (II) chloride, sulfuryl chloride or chlorine in the case of chlorlnation. The hal- 
ogenating agent is preferably used in an amount of a theoretical equivalent or more based on the p-keto ester of formula 
(II). When the amount is set exactly at the theoretical equivalent in order to prevent the side reaction, the most preferable 

35 yield can be provided in many cases. The theoretical equivalent refers to an amount which is required from the chemical 
equation. For example, the amount of N-bromosucclnimide is 1 equivalent based on the p-keto ester, and that of copper 
(II) bromide is 2 equivalents. 

[0022] The reaction conditions strongly depend on the structure of the reaction product or the reagents, and have 
to be determined depending on the compounds. For example, when Rg is benzyl, is benzyloxycarbonyl, P2 is hy- 
40 drogen, is tert-butyl and N-bromosuccinimide is used as a reagent, the reaction is best conducted at a temperature 
of from -20°C to room temperature for from 10 to 60 minutes. The reaction solvent includes halogen solvents such as 
methylene chloride and chloroform, ethyl acetate, ether and toluene. The reaction concentration is not particularly 
limited, and may be determined depending on the solubility of the reaction product. 

[0023] The reaction product can be purified through recrystallization or the like as required. However, the reaction 
45 product in the unpurified state can be used as a starting material in the subsequent reaction. A diastereomer is formed 
depending on the selectivity during the halogenation. It can be separated through thin-layer chromatography or silica- 
gel column chromatography. However, this separation is not required in view of the purpose of the process in the 
present invention. 

[0024] The compound of formula (III), can also be obtained by reacting the compound of formula (I) with a halog- 
50 enoacetate enolate. 

[0025] That is, as stated above, when forming the compound of formula (III), the desired compound can be obtained 
at one stage by using a chloroacetic acid ester, or a bromoacetic acid ester of formula (IV) instead of an acetic acid 
ester used in the method that results in formation of the compound of formula (II). 

[0026] The halogenoacetate enolate can be formed by the same method as is employed to produce the enolate used 
55 in formation of the compound of formula (II). The conditions under which this enolate is reacted with the compound of 
formula (I) are the same as the above-mentioned conditions. 

[0027] Since the stability of the halogenoacetate enolate is inferior to that of the acetate enolate, the reaction should 
be conducted at a low temperature of -60°C or less. 
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[0028] It may be selected as required whether the compound of formula (III) Is produced directly from the compound 
of formula (I) or through formation of the compound of fomnula (II), because the yield varies with the substituent or the 
protecting group of the compound of formula (t). 

[0029] The compound of formula (III) is a novel compound which Is an intermediate that is important In the present 
5 invention. The structure of this compound is interpreted to contain the corresponding enol substance as a convertible 
isomer. As the convertible isomer, for example, a 4-amlno-3-oxo-2-halogenobutanoic acid ester derivative represented 
by formula (VIII) can be mentioned. 



10 




(VIII) 



Rs X 



15 

wherein 

Rg represents a hydrogen, an alkyi group having from 1 to 10 carbon atoms, an aryl group having from 6 to 15 
carbon atoms, an aralkyi group having from 7 to 20 carbon atoms, or the above-mentioned groups containing a 
20 hetero atom in the carbon skeleton, 

and P2, independently from each other, represent hydrogen or an amino-protecting group, or and P2 together 
form a difunctional amino-protecting group, and 

Ri represents an alky! group having from 1 to 10 carbon atoms, an aryl group having from 6 to 15 carbon atoms, 
or an aralkyi group having from 7 to 20 carbon atoms. 

25 

[0030] The compound of formula (III) is converted to the compound of formula (V) by hydrolyzing the 4-amlno-3-oxo- 
2-halogenobutanoic acid ester derivative, and decarboxylating the hydrolyzate at the same time. 
[0031] The hydrolysis may be conducted by a method which is usually employed in organic chemistry. Examples of 
such a hydrolysis include alkali hydrolysis of a lower alkyI ester, acid hydrolysis of a tertiary alkyI ester, and catalytic 
30 hydrogenation of a benzyl ester. However, it Is required that the halogen introduced under such hydrolysis conditions 
is not influenced. The optimum conditions vary with the structure of the compound. The hydrolysis using a system of 
a tertiary alkyI ester gives good results in many cases. 

[0032] The desired product can be extracted and isolated from the reaction solution to the organic solvent and be 
purified through silica-gel chromatography, recrystallization or the like. 
35 [0033] The typical reaction conditions are that when is tert-butyt, the reaction is conducted In a fomiic acid solution 
for from a few hours to scores of hours at room temperature. The reaction time can be decreased to from a few minutes 
to 1 hour by increasing the reaction temperature. The reaction concentration is not particularly limited and may be 
determined depending on the solubility of the reaction product. 

[0034] The 3-amino-2-oxo-1 -halogenopropane derivative of formula (V) obtained by these methods is, as described 
40 in a literature (for example, Getman D. P. et al., J. Med. Chem., 1993, 36, 288., Okada Y. et al., Chem. Pharm. Bull., 

1988, 36, 4794., EP 346867., and Raddatz P. et al., J. Med. Chem., 1991, 34, 3267.), a known compound which is 

useful as an intermediate for a HIV protease inhibitor. It is known that the above-mentioned compound is formed into 

an intermediate in a more advanced form by undergoing an existing reaction at two Stages as schematically shown 

below (Getman D. P. et al., J. Med. Chem., 1993, 36, 288.). 
45 [0035] That is, it is possible that the 3-amino-2-oxo-1 -halogenopropane derivative of formula (V) having a halog- 

enomethyl ketone skeleton is introduced into a halohydrin represented by formula (VI) through a reductive reaction of 

a carbonyl group 




55 wherein Rg, P^, P2 and X are as defined above and this compound is further easily epoxidized under alkaline 

conditions to form a compound of formula (VII) 
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(VII) 



Rs 



wherein Rg, and P2 are as defined above. 
[0036] In the above-mentioned reductive reaction of the carbonyl group, the binding steric configuration of the sub- 
stituent indicated by Rg in the 3-position can be subjected to the stereoselective reduction. It can be achieved using a 
common reducing agent typified by sodium borohydride. For example, a compound in which Rg is a benzyl group, a 
steric configuration in the 3-position is an S-configuration and an urethane-type protecting group is selected as an 
amino-protecting group, is reduced with sodium borohydride, whereby a steric configuration of a hydroxy! group is 
preferentially an S-configuration at a ratio of from 2:1 to 20:1 , and purification can be conducted through recrystalliza- 
tion. Further, the resulting alcohol is led to a (2S, 3S) epoxy compound which is important as an intermediate for a HIV 
protease inhibitor. 

[0037] The conversion of the starting compound of formula (I) to the desired compound of formula (V) and the epoxy 
compound of formula (VII) is schematically shown below. 
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P, O 
Rs 




(VI) (VTI) 

wherein Rg, Ri, E^, X, and are as defined above. 

Examples 

[0038] The present Invention Is illustrated more specifically by referring to the following Examples. However, the 
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present invention is not limited thereto. Temperatures are shown in centigrade unless otherwise stated. Proton nuclear 
magnetic resonance (NMR) spectra were recorded on a varian 300 l\^Hz spectrometer. Chemical shifts (5) are indicated 
by ppm. The abbreviations used in the Examples are as follows. 

r 

5 Boc: tert-butoxycarbonyl 

Z: benzyloxycarbonyl 

THF: tetrahydrofuran 

LDA: lithium diisopropylamide 

NCS: N-chlorosucclnimide 
10 NBS: N-bromosucclnimide 

Production Example 1 

Production of N,N-dibenzyl-L-phenylatanine benzyl ester (la) 

15 

[0039] Twenty-five grams (151 .3 mmol) of (L)-phenylalanine and 66.67 g (482.4 mmol) of potassium carbonate were 
dissolved in ICQ ml of water, and 57.51 g (454.3 mmol) of benzyl chloride were added thereto. The mixture was heat- 
stirred at 95°C for 19 hours. After the reaction mixture was cooled to room temperature, 67 ml of n-heptane and 50 ml 
of water were added thereto. The organic layer was washed twice with 50 ml of a mixture of methanol and water at a 
20 ratio of 1 :2, and was then dried over anhydrous sodium sulfate. The dried substance was filtered and concentrated to 
give 61.64 g (90%, 121.8 mmol) of the above-mentioned compound (la) in a yield of 84.7%. 

1H-NMR(300MHz, CDCI3) : 3.00 (dd, 1H), 3.14 (dd, 1H), 3.53 (d,2H) ,3.71(t,1H),3.92(d,2H),5.12(d,1H),5.23(d,1H), 
6.99-7.40(m, 20H) 

Mass spectrum (FAB) 436(MH+) 

25 

Production Example 2 

Production of N,N-dibenzyl-L-phenylalanlne p-nitrophenyl ester (lb) 

30 [0040] N,N-dibenzyl-L-phenylalanlne hydrochloride (7.64 g, 20.0 mmol) was added to 50 ml of chloroform, and 20.0 
ml of 10-% aqueous ammonia were added dropwise to the suspension for neutralization. The organic layer was sep- 
arated, washed with 20 ml of water, then dried over magnesium sulfate, and filtered. The filtrate was concentrated, the 
resulting residue was dissolved in 50 ml of chloroform, and 2.89 g (20.4 mmol) of p-nitrophenol and 4.13 g (20.0 mmol) 
of N,N'-dicyclohexylcarbodiimide were added to the solution in this order while being cooled with ice. The mixture was 

35 reacted overnight. To the reaction solution were added 30 ml of ethyl acetate, and N,N'-dicyclohexylurea precipitated 
was filtered. The filtrate was washed with a 10-% potassium carbonate aqueous solution. The organic layer was sep- 
arated, and concentrated. The resulting residue was redissolved in 30 ml of ethyl acetate, and insoluble matters pre- 
cipitated were filtered. The filtrate was concentrated, and the resulting crude product was purified through sitica-gel 
column chromatography to obtain 7.77 g (16.65 mmol) of the above-mentioned compound (lb). 

40 1HNMR(300MHz,CDCI3) :3.13(dd,J=7.4,13.7Hz,1H),3.26(dd,J= 8.2,1 3.9Hz,1H),3.72(d,J=14.0Hz,2H),3.96(dd, 
J=7.4,8;2Hz,1H).4.06(d,J=14.0Hz,2H),7.14(d,J=9.2Hz,2H),7.06-7.37(m,15H) ,8.26(d,J=9.3Hz,2H) 
Mass spedtrum (FAB) 467(MH+) 

Example 1 

45 

Production of (4S)-4-(N,N-dibenzylamino)-4-benzyl-3-oxobutanoic acid tert-butyl ester (lla) 

[0041] A solution (2.0 M)(24 ml, 48 mmol) of LDA in heptane, THF and ethyl benzene was dissolved in 64 ml of 
anhydrous THF, and the mixed solution was cooled to -bS^'C in an argon atmosphere. To this solution was added 

50 dropwise a solution of 5.8 g (50 mmols) of tert-butyl acetate in 1 2 ml of THF for approximately 1 5 minutes while main- 
taining the temperature at from -45°C to -50°C. After the completion of the dropwise addition, the mixture was stirred 
at -53°C for 1 hour. Subsequently, a solution of 7.2 g (15 mmols, purity 90%) of N,N-dibenzyl-L-phenylalanine benzyl 
ester (la) In 8 ml of THF was added dropwise thereto for approximately 15 minutes while maintaining the temperature 
at from -48°C to -52°C. After the completion of the dropwise addition, the reaction temperature was raised to -5°C. 

55 After three hours, a solution of 16.5 g of citric acid in 50 ml of water was added to the reaction solution to stop the 
reaction. The resulting mixture was extracted twice with ethyl acetate (100 ml and 50 ml), and the organic layer was 
washed with 20 ml of 10-% citric acid, with 10 ml of a saturated aqueous solution of sodium chloride, with 5-% sodium 
hydrogencarbonate aqueous solution (20 mi x 4) and with 10 ml of a saturated aqueous solution of sodium chloride in 
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this order. The organic layer was dried over anhydrous magnesium sulfate, and the filtrate was concentrated. The 
concentrate was purified through silica-gel column chromatography (eluent - mixture of n-hexane and ethyl acetate at 
a ratio of 4:1) to give 6.09 g (13.7 mmol) of the above-mentioned compound (lla). 

1HNMR(300MHz, CDCI3) : 
5 1.25(s,9H),2.93(ddJ=3.9J3.5Hz,1H),3.20(dd,J=9.0,13.5,Hz JH),3.40(dJ=15.6Hz,2H)^^^^ 
J=3.9,9.0Hz,1H), 3.82(d,J=13.5Hz,2H),7.10-7.38(m, 15H) 

Mass spectmm (FAB) 444(MH+) 

Example 2 

10 

Production of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxobutanoic acid tert-butyl ester (lib) 

[0042] A solution (2.0 M)(14 ml, 28 mmol) of LDA in heptane, THF and ethyl benzene was dissolved in 30 ml of 
anhydrous THF in an argon atmosphere, and the mixed solution was cooled to -45°C. To this solution was added 

15 dropwise a solution of 3.7 g (32 mmol) of tert-butyl acetate in 4 ml of THF for approximately 1 5 minutes while maintaining 
the temperature at from -40'*C to -45°C. After the completion of the dropwise addition, the resulting solution was stirred 
at -50°C for 30 minutes, and a solution of 2.5 g (8 mmol) of N-benzyloxycarbonyl-L-phenylalanlne methyl ester (Ic) 
was added dropwise thereto for approximately 10 minutes while maintaining the temperature at from -40°C to -45''C. 
After the completion of the dropwise addition, the reaction solution was stirred at -40°C for 30 minutes, then heated to 

20 o°C and stirred for 20 minutes. Forty milliliters of a 20-% citric acid aqueous solution were added to the reaction solution 
to stop the reaction. The mixture was extracted with ethyl acetate (50 ml x 2), and the organic layer was washed with 
5 ml of water, with 20 ml of a 5-% sodium hydrogencarbonate aqueous solution and with 10 ml of water in this order. 
The resulting organic layer was dried over anhydrous magnesium sulfate, and the filtrate was concentrated. The con- 
centrate was purified through silica-gel column chromatography (eluent - mixture of n-hexane and ethyl acetate at a 

25 ratio of 4:1 ) to give 3.08 g (7.77 mmol) of the above-mentioned compound (Mb). 
1HNMR(300MHz, CDCI3) : 

1.44(s.9H),2.99(dd,J=7.1,14.1Hz,1H),3.17(dd.J=6.1, 14.1Hz, 1H),3,38(m,2H),4.68(bq,J=approx.7,1H),5.07(s,2H), 
5.38(bd, J=7.9Hz,1H),7.12-7.35(m,10H) 
13CNMR(75MHz, CDCI3) : 
30 28.0,37. 1 ,48.2,60.7,67.0,82.4, 1 27. 1 , 1 28. 1 . 1 28.2, 1 28.5, 1 28 .7. 1 29.2, 1 35.8. 1 37.9, 1 65.8, 1 82.0,201 .7 
Mass spectrum (FAB) 398(MH+) 

Example 3 

35 Production of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxobutanolc acid ethyl ester (lie) 

[0043] A solution (2.0 M)(4 ml, 8 mmol) of LDA in heptane, THF and ethyl benzene was dissolved in 8 ml of anhydrous 
THF in an argon atmosphere, and the mixed solution was cooled to -50°C. To this solution was added dropwise a 
solution of 740 mg (8 mmol) of ethyl acetate in 2 ml of THF for approximately 5 minutes while maintaining the temper- 

40 ature at from -50°C to -45°C. After the completion of the dropwise addition, the mixture was stirred at-50°C for 30 
minutes, and a solution of 626 mg (2 mmol) of N-benzyloxycarbonyl-L-phenylalanine methyl ester (Ic) in 2 ml of THF 
was further added to the above-mentioned solution for approximately 5 minutes while maintaining the temperature at- 
from -50°C to -45°C. After the completion of the dropwise addition, the reaction solution was stirred at -50®C for 30 
minutes, the temperature was then raised to room temperature, and the mixture was stirred for 5 minutes. Ten milliliters 

45 of a 10-% citric acid aqueous solution was added to the reaction solution to stop the reaction. The reaction mixture 
was extracted with ethyl acetate. The organic layer was passed through a silica-gel column, and then concentrated to 
give 826 mg of the above-mentioned compound (lie) as a crude oil. 
1HNMR(300MHz, CDC13) : 

1.22-1.30(m,3H),2.92-3.05(m,1H),3.05-3.22(m,1H),3.40-3.54 (m,2H),4.1 0-4.1 9(m,2H),4.66(m, 1H),5.07(bs,2H),5.55 
50 (bd,J=7 .8Hz,1H),7.11-7.38(m,10H) 

Example 4 

Production of (4S)-4-(N-tert-butoxycarbonvl)amino-4-benzyl-3-oxobutanoic acid tert-butyl ester (lid) 

55 

[0044] A solution (2.0 M)(27 ml, 54 mmol) of LDA in heptane, THF and ethyl benzene was dissolved In 50 ml of 

anhydrous THF in an argon atmosphere, and the mixed solution was cooled to -45°C. To this solution was added 
dropwise a solution of 7.0 g (60 mmols) of tert-butyl acetate in 5 ml of THF for approximately 20 minutes while main- 
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taining the temperature at from •40°C to -45*'C. After the completion of the dropwise addition, the mixture was stirred 
at -SO^'C for 30 minutes. To this solution was added dropwise a solution of 4.18 g (15 mmols) of N-tert-butpxycarbonyl- 
L-phenylalanine methyl ester (Id) in 5 ml of THF for approximately 20 minutes while maintaining the temperature of 
from -40^*0 to -45°C. After the completion of the dropwise addition, the reaction solution was stirred at -50°C for 30 

5 minutes, and 40 ml of a 25*% citric acid aqueous solution were added to the reaction solution to stop the reaction. 
After the organic solvent in the reaction solution was distilled off under reduced pressure, the residue was extracted 
with 1 00 ml of ethyl acetate, and the organic layer was washed with 20 ml of water. This organic layer was concentrated, 
and passed through a silica-gel column (eluent - mixture of n-hexane and ethyl acetate at a ratio of 4:1) to give 5.92 
g of crystals. The NMR analysis of the crystals revealed the above-mentioned compound (lid) containing 15% of the 

10 unreacted starting compound (Id). 

1HNMR(300MHz, CDC13): 

1.39(s.9H),1.46(s,9H),2.96(dd,J=7.4.14.0Hz,1H),3.16(dd,J=: 5.7,1 4.0Hz, 1H),3.34-3.45(m,2H),4.57(bq,J=approx. 
6.HZ.1H), 5.09(bd,J=7.7Hz,1H),7.11-7.30(m,5H) 
13CNMR(75MHz, CDCI3) : 
15 27.8,28.2,36.9.48.0.60.4,80.0,82.0, 1 26.9, 1 28.4, 1 29.2, 1 36. 2, 1 55. 1 . 1 66.0.202.2 

Example 5 

Production of (4S)-4-(N.N-dibenzylamino)-4-benzyl-3-oxo-2-bromobutanoic acid tert-butyl ester (Ilia) 

20 

[0045] 

(1) Finely divided copper (II) bromide (0.45 g, 2.0 mmol) was dissolved in 2 ml of ethyl acetate, A solution obtained 
by dissolving 0.44 g (1 .0 mmol) of the compound (lla) obtained in Example 1 and 0. 1 4 ml (1 .0 mmol) of triethylamine 

25 in 2 ml of ethyl acetate was added thereto at 25''C at a time while being stirred. After the reaction was conducted 

at 25°C for 36 hours in an argon atmosphere, 5 milliliters of a 5-% citric acid aqueous solution were added to the 
mixture to separate the organic layer. This organic layer was concentrated to give 0.45 g (0.86 mmol) of an isomer 
mixture of the above-mentioned compound (Ilia) as brown crystals. 
1 HNMR(300MHz, CDCI3)(isomer mixture) : 
30 0.90(s,9/2H), 1 .44(s,9/2H).2.99(dd, J=3.7, 1 3.5Hz, 1 H),3. 1 4-3 .29(m, 1 H),3.50(dd, J=5.6, 1 3.3,2H),3.83(dd, 

J=1 0.3, 1 3.3Hz,2H ),3.82(dd, 1 /2H),4.03(dd.3.7,9.5.1/2H).5.42(s.1/2H),5.51 (s ,1/2H).7.1 4-7.34(m.1 5H) 
Mass spectrum (ESI) 522.3, 524.3(MH+) 

(2) The compound (Ha) (0.89 g, 2.0 mmols) obtained in Example 1 was dissolved in 10 ml of diethyl ether. NBS 
(0.39 g, 2.0 mmol) was added thereto while being stirred with ice cooling, and the mixture was further stirred for 

35 2 hours. After the reaction was further conducted at room temperature for 13 hours, 5 ml of water were added to 

the reaction mixture to separate the organic layer. The organic layer was concentrated to give 1.23 g of brown 
crystals. The NMR analysis of the crystals revealed that approximately 35% of the starting compound (lla) still 
remained and the main product was an isomer mixture of the above-mentioned compound (Ilia). 

40 Example 6 

Production of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxo-2-chlorobutanolc acid tert-butyl ester (Nib) 

[0046] The compound (lib) (0.8 g, 2.0 mmols) obtained in Example 2 was dissolved in 5 ml of chloroform. NCS (264 
45 mg, 1 .98 mmol) was added thereto while being stirred with ice cooling, and the mixture was further stirred for 3 hours 

while being cooled with ice. Two milliliters of water were added to the reaction solution to separate the organic layer. 

This organic layer was concentrated to give 91 2 mg of crystals. One hundred milligrams of a part of the crystals were 

eluted through silica-gel thin-layer chromatography (eluent - mixture of n-hexane and ethyl acetate at a ratio of 4:1) to 

give 40 mg of an isomer mixture of the above-mentioned compound (lllb). 
50 1 HNMR(300MHz, CDCI3)(isomer mixture) : 

1.45-1.48(m.9H), 2.95-3.05(m,1H), 3.18-3.38(m.1H), 4.85-5.10 (m,4H),5.20-5.35(m,1H),7.14-7.35(m.1 OH) 

Example 7 

55 Production of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxo-2-bromobutanolc acid tert-butyl ester (lllc) 

^ [0047] The compound (Mb) (0.8 g, 2.0 mmol) obtained in Example 2 was dissolved in 5 ml of chloroform. NBS (338 
mg, 1 .9 mmols) was added thereto white being stirred with ice cooling, and the mixture was further stirred for 30 minutes 



11 



EP 0 774 453 B1 



while being cooled with Ice. Three milliliters of water were added to the reaction solution to separate the organic layer. 
This organic layer was concentrated to give 921 mg of an isomer mixture of the above-mentioned compound (lllc) as 
crude light brown crystals. 

1HNMR(300MHz, CDC!3)(lsomer mixture) : 
5 1 .43-1 .50(m,9H).3.00(dd, J=7.4, 1 4. 1 Hz,1 H),3.21 (dd, J=5.7, 14.1 Hz,1 H),4.82-5.03(m, 1 H),4.89(bs,1 H),5.07(bs,2H), 
5.20(bd, J=6,0Hz, 1 H),7. 1 7-7.35(m, 1 0H) 

Mass spectrum (FAB) 476,478(MH+) 

Example 8 

10 

Production of (3S)-3-(N.N-dibenzvl)amino-3-benzvl-2-oxo-1-bromopropane (Va) 

[0048] The compound (Ilia) (41 mg, 0.078 mmols) obtained in Example 5 was dissolved in 4-N hydrogen chloride 
(ethyl acetate solution, 1 ml). The mixture was stirred at room temperature for 13 hours for reaction. Three milliliters 
15 of ethyl acetate were added to the reaction solution, and were neutralized with a saturated aqueous solution of sodium 
hydrogencarbonate. The organic layer was concentrated to give 30 mg of the above-mentioned crude compound (Va). 
1HNMR(300MHz, CDCI3) : 

3.00(dd,J=3.9,13.5Hz,1H).3.25(dd.J=9,0,13.5,Hz,1H).3.55(d ,J=15.6Hz,2H),3.67(dd.J=3,9.9.0Hz,1H),3.84(d, 
J=15.6Hz,2H) .4.42(s,1H),4.48(s.1H).7.10-7.38(m,15H) 

20 

Example 9 

Production of (3S)-3-(N'benzyloxvcarbonvl)amlno-3-benzyl-2-oxo-1-chloropropane (Vb) 

25 [0049] The compound (lib) (35 g, 88 mmol) obtained in Example 2 was dissolved in 88 ml of methylene chloride. 
Sulfuryl chloride (7.23 ml, 90 mmol) was added thereto while being stirred with ice cooling. The mixture was stirred for 
1 hour while being cooled with ice and further at room temperature for 30 minutes. The reaction solution was concen- 
trated to give 37 g of the crude compound (lllb) as crystals. The crystals (35 g) were suspended in 80 ml of formic acid 
(purity 90%), The suspension was heated at 80°C while being stirred, and was reacted for 30 minutes. The reaction 

30 solution was cooled, and formic acid was distilled off under reduced pressure to obtain the above-mentioned compound 
(Vb) as crystals. Further, the crystals were recrystallized from 200 ml of Isopropanol, and were dried to give 19.55 g 
of the above-mentioned compound (Vb). 
1H-NMR(300MHz, CDC13) : 

3.05(dd,J=7.2,14.0Hz,1H),3.25(dd,J=7,1,14.0,Hz,1H),3.97(d ,J=16.2Hz,1H),4.14(d,J=16.2Hz,1H),4.77(q,J=4.77Hz, 
35 2H),5.0 8(s,2H).5.29(d,J=7.2Hz,1H),7.12-7.35(m,10H) 

13C-NMR(75MHz. CDCI3) : 37.8. 47.4. 58.7, 67.3, 127.5, 128.1, 128.3, 128.6. 129.0, 129.1 , 135.2, 135.9. 155.7, 

201.0 

Example 10 

40 

Production of (3S)-3-(N-benzvloxycarbonvlamino)-3-benzyl-2-oxo-1-bromopropane (Vc) 
[0050] 

45 (1) The compound (lllc) (56 mg, 0.12 mmol) obtained in Example 7 was dissolved in 1 ml of methylene chloride, and 

0.3 ml of trifluoroacetic acid were added thereto. The mixture was stirred at 60°C for 17 hours for reaction. The 
reaction solution was neutralized with a saturated aqueous solution of sodium hydrogencarbonate, and was extracted 
with ethyl acetate. The organic layer was concentrated, and then eluted through silica-gel thin-layer chromatography 
(eluent - mixture of n-hexane and ethyl acetate at a ratio of 4: 1 ) to give 20 mg of the above-mentioned compound (Vc). 

50 1 HNMR(300MHz, CDCI3) : 

3.06(dd,J=7.2,13.9Hz,1H),3.09(dd,J=6.9,13.9Hz,1H),3.81(d.J=13.7Hz,1H),3.93(d,J=13.7Hz,1H),4.82(bq,J=7.3Hz, 

1H),4.89 (bs,1H),5.08(bs,2H),5.34(bd,J=7.2Hz.1H),7.13-7.39(m,10H) 

13CNMR(75MHz,CDCI3): 
33.1,37.7,58.8,67.2,127.3,128.0,128.3,128.5,128.9,129.1,1 35.5,136.0,155.8,200.4 
55 Mass spectrum (ESI) 376(MH+) 

(2) The compound (lllc) (360 mg, 0.756 mmol) was dissolved 2 ml of formic acid, and the solution was stirred at 
25''C for 15 hours for reaction. After formic acid was distilled off under reduced pressure, the concentrate was 
neutralized with a 5-% sodium hydrogencarbonate aqueous solution, and was extracted with ethyl acetate. The 
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organic layer was concentrated to give 296 mg of tlie compound (Vc) as crude crystals. Further, the crystals were 
eluted through silica-gel thin-layer chromatography (eluent - mixture of n-hexane and ethyl acetate at a ratio of 4: 
1) to give 149 g of the purified crystals of the above-mentioned compound (Vc). 

5 Example 11 

Production of (3S)-3-(N-benzyioxycarbonyl)amino-3-ben2yl-2-hydroxy-1-chloropropane (VIb) 

[0051] The compound (Vb) (136 mg, 0.4 mmol) obtained in Example 9 was dissolved in 1.5 ml of methanol. To this 
10 solution were added 1 7 mg (0.44 mmols) of sodium borohydride at 0°C, and the mixture was stirred at 0°C for 2 hours 
for reaction. To the reaction solution was added 1 -N hydrochloric acid to stop the reaction. Then, methanol was distilled 
off under reduced pressure. This solution was extracted with ethyl acetate, and the organic layer was concentrated to 
give 138 mg of the mixture of the above-mentioned compounds (2S, 3SHVIb) and (2R, 3SHVIb) at a ratio of 74:26 
as light yellow crystals. 
15 1 HNMR(300MHz, CDCI3) (diastereomer mixture) : 

2.93(dd,J=8.4,14.0Hz,1H),3.00(dd,J=4.9,14.0Hz,1H),3.50-3. 60(m,1H),3.65(dd,J=4.2,12.0Hz,1H),3.81-3.89(m,1H), 

3.92- 4. 03(m,1 H),4.87(bd,J=approx.8Hz,1 H).5.03(bs,2H).7.17-7.37(m .10H) 

Example 12 

20 

Production of (3S)-3-(N-benzyloxycarbonyl)amino-3-benzyl-2-hydroxy-1-bromopropane (Vic) 

[0052] The compound (Vc) (142 mg, 0.37 mmol) obtained in Example 10 was dissolved in a mixed solvent containing 
3 ml of methanol and 1 ml of THR To this solution were added 16 mg (0.41 mmol) of sodium borohydride at 0°C, and 

25 the mixture was stirred at from 0°C to S^'C for 2 hours. To the reaction solution were added 2 ml of 1-N hydrochloric 
acid to stop the reaction. Then, methanol and THF were distilled off under reduced pressure. The thus-obtained slurry 
was extracted with ethyl acetate, and the organic layer was concentrated to give 146 mg of the mixture of the above- 
mentioned compounds (2S, 3S)-(Vlc) and (2R, 3S)-(Vlc) at a ratio of 84:16 as light yellow crystals. 
1 HNMR(300MHz. CDCI3) (diastereomer mixture) : 

30 2.90(dd,J=9.7,14.0H2,1H).2.99(dd.J=4.7.14.0Hz,1H),3.38-3. 47(m, 1H).3.53(dd.J=3.6.10.6Hz,1H),3.81-3.90(m,1H), 

3.93- 4. 03(m,1H),4.86(bd,J=approx.8Hz,1H),5.03(s,2H),7.16-7.35(m, 10H) 

Example 13 

35 Production of (3S)-3-(N-benzyioxycarbonyl)amino-3-benzyl-1,2-epoxypropane (Vllb) 
[0053] 

(1) One hundred milligrams (0.3 mmol) of the mixture of the compounds (2S, 3S)-(Vlb) and (2R, 3S)-(Vlc) (at 
40 a ratio of approximately 3:1) obtained in Example 11 were dissolved in 2 ml of THF. To this solution were added 

40 mg (0.27 mmol) of potassium tert-butoxide at -10°C, and the mixture was stirred at -10°C for 15 minutes for 
reaction. The reaction solution was extracted with 3 ml of water and with 10 mi of methylene chloride to separate 
the organic layer. This organic layer was concentrated. The resulting crystals were purified through silica-gel thin- 
layer chromatography (mixture of n-hexane and ethyl acetate at a ratio of 2:1 ) to give 20 mg of the mixture of the 
45 above-mentioned compounds (2S, 3S)-(Vllb) and (2R, 3S)-(Vllb)(at a ratio of approximately 3:1). 

1HNMR(300MHz, CDCI3) (diastereomer mixture) : 
2.52-2.58(m.2/4H.(2R,3S)).2.71-2.80(m,6/4H,(2S,3S))2.83-2 .95(m,1H),2.99(dd,J=5.0,14.2Hz,1H),3.69-3.72.(m. 
1H,3/4H,(2 S.3S)),4.12-4.25(m.1H,1/4H.(2R,3S)),4.67-4.80(m,1H),5,03 (s,6/4H,(2S,3S)),5.05(s,2/4H.(2R,35)), 
7.18-7.35(m,10H) 

50 (2) The mixture (164 mg) of the compounds (2S, 3S)-(Vlc) and (2R, 3S)-(Vlc) (at a ratio of approximately 5:1) 

obtained in Example 12 was dissolved in 4.5 ml of methanol. To this solution were added 58 mg (0.41 mmols) of 
potassium carbonate at room temperature, and the mixture was further stirred at room temperature for 1 hour for 
reaction. The reaction solution was extracted with 3 ml of 1-N hydrochloric acid and with 10 ml of ethyl acetate to 
separate the organic layer. This organic layer was concentrated. The resulting crystals were purified through sllica- 

55 gel thin-layer chromatography (mixture of n-hexane and ethyl acetate at a ratio of 2: 1 ) to give 79 mg of the mixture 

of the above-mentioned compounds (2S, 3S)-(Vllb) and (2R, 3S)-(Vllb) (at a ratio of approximately 5:1) as white 
crystals. 
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Example 14 

Production of (4S)-4'(N,N-dibenzyl)amino-4-benzyl-3-oxo-2-chiorobutanoic acid tert-butyl ester (llld) 

5 [0054] Anhydrous THF (3.2 ml) was mixed with 2.0 M (0.39 ml, 0.78 mmol) of a solution of LDA in heptane. THF and 
ethyl benzene in an argon atmosphere, and the mixture was cooled to -70°C. To this solution were added dropwise 
0.13 ml (0.85 mmol) of tert-butyl chloroacetate (IVa). After the mixture was stirred for 30 minutes, a solution of 154 mg 
(0.34 mmol) of the compound (lb) in 1 .0 ml of anhydrous THF was added thereto dropwise. While the temperature was 
gradually raised, the mixture was stirred for 3 hours. After this reaction solution was heated to room temperature, 3.0 

10 mg of a 10-% citric acid aqueous solution and 10 ml of ethyl acetate were added thereto in this order to extract the 
reaction mixture. The organic layer was washed with 10 ml of water, dried over magnesium sulfate, and filtered. The 
filtrate was concentrated, and the resulting crude product was purified through silica-gel thin-layer chromatography to 
give 200.2 mg of the mixture of the above-mentioned compounds (2S, 4S)-(llld) and (2R, 4S)-(llld). The diastereomer 
ratio was approximately 2:1 as calculated from the 1H-NMR Integration ratio. 

15 1 HNMR(300MHz, CDCI3)(diastereomer mixture) 

:0.86(s,6H),1.44(s,3H),2.943.04(m,1H),3.17(dd,J=9.8,13.4 Hz.1/3H),3.26(dd,J=9.8,13.3Hz,2/3H),3.50(d,J=13.2Hz, 
4/3H) ,3.51 (d, J=1 3.2Hz,2/3H).3.81 (d, J=1 3.2Hz,4/3H),3.85(d, J=1 3. 1 Hz,2/3H),3.87(dd. J=3.0,9.7Hz,2/3H),4.00(dd. 
J=3.0,9.7Hz,1 /3H),5.37(s,1/3H),5.48(s,2/3H),7.08-7.39(m,15H) 
Mass spectrum (FAB) 478(MH+) 

20 

Example 15 

Production of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxo-butanoic acid tert-butyl ester (lib) 

25 [0055] A solution (2.0M) (231 ml, 462 mmol) of LDA in heptane, THF and ethylbenzene was dissolved in 400 ml of 
anhydrous THF in argon atmosphere, and the mixed solution was cooled to -50°C. To this solution was added dropwise 
a solution of 58.1 g (500 mmol) of tert-butyl acetate in 40 ml of THF for approximately 40 minutes while maintaining 
the temperature at -457C to -50°C. After the completion of the dropwise addition, the mixture was stirred at -45 °C for 
30 minutes. To this solution was added dropwise a solution of 39.4 g (125 mmol) of N-benzyloxycarbonyl-L-phenyla- 
30 lanine methyl ester (Ic) in 40 ml of THF for approximately 30 minutes while maintaining the temperature of -45 °C to 
-50 °C. After the completion of the dropwise addition, the reaction solution was stirred at -45 °C for 1 hour, and 500 
ml of 2 N hydrochloric acid and 150 g of ice were added to the reaction solution to stop the reaction. The temperature 
was then raised to room temperature, and the organic layer was separated. The water layer was extracted with 350 
ml of toluene, and the organic layers were combined. The organic layer was washed with 50 ml of 5-% sodium hydro- 
ps gencarbonate aqueous solution and 50 ml of 25-% sodium chloride aqueous solution in that order. The organic layer 
was dried over anhydrous magnesium sulfate, and the filtrate was concentrated to give 58.1 g (86.4 wt%, 126 mmol) 
of the above-mentioned crude compound. 

Example 16 

40 

Production of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxo-2-chlorobutanoic acid tert-butyl ester (lllb) 

[0056] 40.5 g (86.4 wt%, 88 mmol) of (4S)-4-(N-benzyloxycarbonyl)amino-4-benzyl-3-oxo-butanoic acid tert-butyl 
ester (lib) was dissolved in 88 ml of dichloromethane. 7.23 ml (90 mmol) of sulfuryl chloride was added thereto while 
45 being stirred with ice cooling, and the mixture was further stirred for 1 hour with ice cooling and for 30 minutes at room 
temperature. The reaction mixture was concentrated under reduced pressure below 30 ^'C to give 48.6 g of the above- 
mentioned crude compound as crystals. 2 g of the crude product was recrystatlized from 10 ml of toluene to give the 
purified crystal. 

50 (main isomer) 

[0057] 

1H-NMR (300 MHz, CDC13) 5: 1 .44(s,9H).2.99(dd,J=7.5, 14.1Hz,1 H),3.20(dd,J=6.1,14.1Hz,1H).4.85(s,1H),4.97 
55 (br.q, J= 8.4Hz, 1H),5.60(s, 2H),5.25(br.d.J=8.4Hz,1H),7.1-7.35(m,10H) 

13C-NMR (75 MHz, CDCI3) 5: 27.5,37.7,59.6,60.0,67.2, 85.0,127.3,128.1,128.3,128.5.128.9,129.2,135.3, 

136.0,155. 6, 163.1,197.4 

mass spectrum (FAB) 432 (MH+), 454(MNa+) 
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Example 17 

Production of (3S)-3-(N-benzyloxycarbonyl)amino-3-benzyl-2-oxO'1-chloropropane (Vb) 

5 [0058] 46.6 g of crude crystals of (4S)-4-(N-benzyloxycarbonyl)amjno-4-benzyl-3-oxo-2-chlorobutanoic acid tert- 
butyl ester (lllb) obtained in Example 16 was suspended in 80 ml of formic acid (90%), and the mixture was stirred for 
20 minutes at 80 °C. This reaction mixture was concentrated under reduced pressure to give the above-mentioned 
compound as crude crystal. 

[0059] This crude crystal was dissolved in 200 ml of 2-propanol at 607C, and cooled to 5 ""C. The resulting crystals 
10 was filtered and washed with 50 ml of 2-propanol. The crystals obtained was dried in reduced pressure to give 20.1 g 
(60 mmol) of the above-mentioned compound. 

Example 18 

15 Production of (2S,3S)-3-(N-benzyloxycarfaonyl)amino-3-benzyl-2-hydroxy-1-chloropropane (VIb) 

[0060] 17.0 g (51.2 mmol) of (3S)-3-(N-benzyloxycarbonyl)amlno-3-benzyl-2-oxo-1-chloropropane (Vb) was dis- 
solved in a mixed solvent containing 180 ml of dichloromethane and 180 ml of methanol. 2.03 g (53.8 mmol) of sodium 
borohydride was added portionwise thereto at 0 °C for 10 minutes, and the mixture was further stirred for 30 minutes 

20 at 0 ''C. 12.9 ml (226 mmol) of acetic acid was added to the reaction mixture, and was concentrated under reduced 
pressure to remove methanol. 50 ml of water was added thereto and the resulting mixture was extracted twice with 
dichloromethane (150 ml and 50 ml). The combined organic layer was concentrated to give the mixture of above- 
mentioned compound and the diastereomer ((2R,3S)-form) (at ratio of approximately 84 : 16) as white crystals. 
[0061] 1 g of this crystals was recrystallized from 15 ml of a mixed solvent containing ethyl acetate and hexane (at 

25 a ratio of 5 : 1) to give 0.6 g (97 %d.e.) of the above-mentioned compound. 

((2S,3S)-form) 
[0062] 

30 

1H-NMR (300 MHz, CDCI3) 6: 2.87(dd.J=9.0,14.1Hz,1H), 3.00(dd,J=4.6,14.1Hz,1H),3.55(dd.J=7.3,11.3Hz,1H), 
3.60(br.s, 

1 H),3.62(dd,J=4.3,11 .3Hz,1 H),3.86(br.q.J=approx5Hz,1 H),3. 96-4.06(m,1 H),5.01(s.2H),5.31 (br.d,J=approx.8.5Hz, 
1H),7.18-7.33 (m.lOH) 
35 1 3C-NMR (75 MHz, CDCI3) 5: 

35.3,47.1,54.6,66.5,73.2,126.4.127.8,127.9,128.3,128.3,12 9.3.136.3,137.5,156.0 

mass spectrum (ESI) 

334.2(MH+),356.2(MNa+),689.3(2MNa+) 

40 Example 19 

Production of (2S.3S)-3-(N-benzyloxycarbonyl)amino-3-benzyl-1,2-epoxypropane (VMb) 

[0063] The crude diastereomeric mixture of 3-(N-benzyloxycarbonyl)amino-3-benzyl-2-hydroxy-1-chloropropane 
45 (VIb) obtained in Example 1 8 ((2S,3S)-(Vlb) and (2R,3S)-(Vlb) at a ratio of 84 : 1 6) was dissolved in 600 ml of methanol. 
To this solution was added 14.1 g (102 mmol) of potassium carbonate at room temperature, and the mixture was further 
stirred at room temperature for 3 hours for reaction. After the insoluble matter of the reaction mixture was filtered and 
washed with 20 ml of methanol, the filtrate was concentrated to approximately 100 ml under reduced pressure below 
35 °C. The resulting mixture was acidified with 100 ml of 0.5 N hydrochloric acid, and was extracted twice with dichlo- 
50 romethane (150 ml and 150 ml). The organic layer was concentrated under 40 °C to give 14.0 g (47.1 mmol) of the 
mixture of the above-mentioned compound and its diastereomer (2R,3S)-(Vllb) (at a ratio of 84 : 1 6) as white crystals. 
[0064] The crystals obtained was recrystallized from 6 ml of a mixed solvent containing ethyl acetate and hexane 
(at a ratio of 1 : 1) to give 0.58 g (97 %de) of the above-mentioned compound. 
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((2S,3S)-form) 
[0065] 

5 1H-NMR (300 MHz, CDCI3) S: 2.71-2.80(m,2H),2.85(dd, J=8.1,14.1Hz,1H),2.91(dd,J=2.7,6.4Hz,1H).2.98(dcl, 

J=5.1,14 .1 Hz,1H),3.68-3.82(m,1H),4J7(br.d,J=5.9Hz,1H),5.03(s,2H), 7.17-7.33(m,10H) 
13C-NMR (75 MHz. CDCI3) 5:37.5,46.7,53.0,53.2,66.8. 126.8,128.0,128.1,128.5,128.6.129.3,136.2,136.4,155.7 
Mass spectrum (ESI) 298,2(MH+),320,2(MNa+),336,3(MK+),617.5(2MNa+) 

10 Example 20 

Production of (2R,3S)-3-(N-ben2yloxycarbonyl)amlno-2-hvdroxy-1 -(N-lsobutyl)amino-4-phenylbutane (IXa) 

[0066] 4.47 g (15.0 mmol) of the diastereomeric mixture of 3-(N-benzyloxycarbonyl)amino-3-benzyl-1,2-epoxypro- 
15 pane (Vllb) obtained in Example 19 ((2S,3S)-(Vllb) and (2R,3S)-(Vllb) at a ratio of 84 : 16) was suspended in 29 ml 
of ethanol. To this suspension was added 22.4 ml (225 mmol) of isobutylamine, and the mixture was stirred at 7(^0 
for 1 hour for reaction. The reaction solution was concentrated to give the mixture of the above-mentioned compound 
and its diastereomer (2S,3S)-(Vllla) (at a ratio of 84 : 16) as white crystals. 

[0067] The titled compound (2R,3S)-(Vllla) was prepared substantially in accordance with the above-mentioned 
20 procedure, using the (2S,3S)-(Vllb). 

((2R,3S)-form) 

[0068] 

25 

1 H-NMR (300 MHz, CDCI3) 5: 0.90 (d, J= 6.6 Hz, 6H), 1 .60-1 .80 (m, 1 H),2.38 (d, J= 6.8 Hz. 2H), 2.65 (dd, J= 6.8, 
1 2.4 Hz, 1 H). 2.70 (dd. J= 4.0, 1 2.4 Hz, 1 H), 2.70 (br.s, 1 H), 2.86 (dd, J= 8. 1 , 1 4. 1 Hz, 1 H), 2.99 (dd, J= 4.8, 1 4. 1 
Hz, 1 H), 3.49 (br.q. J= approx 4.5 Hz, 1H), 3.80-3.95 (m. 1H), 5.02 (s, 2H). 5.11 (br.d, J= 9.0 Hz, 1H), 7.19-7.32 
(m, 10H) 

30 13C-NMR (75 MHz. CDCI3) 5: 20.5, 28.3, 36.6, 51.4, 55.0, 57.9. 66.5, 70.4, 126.4, 127.8, 128.0, 128.4, 128.4, 

129.5, 136.6, 137.7, 156.3 
Mass spectrum (ESI) 371.2 (MH+) 

Example 21 

35 

Production of 4-Nitro-N-((2'R (syn),3'S)-3'-(N-benzyl-oxycarbonyl)amino-2'-hydroxy-4'-phenylbutyl)-N- 
Isobutylbenzenesulfonamide (IXb) 

[0069] 6.08 g (15.0 mmol) the diastereomeric mixture of 3-(N-benzyloxycarbonyl)amino-2-hydroxy-1-(N-isobutyl) 
40 amino-4-phenylbutane (IXa) obtained in Example 20 ((2R,3S)-(IXa) and (2S,3S)-(IXa) at a ratio of 84 : 16) was dis- 
solved in 40 ml of dichloromethane. To this solution were added 2.55 g (24.1 mmol) of sodium carbonate in 20 ml of 
water, and 4.0 g (18.0 mmol) of 4-nitrobenzenesulfonylchloride in 5 ml of dichloromethane was added dropwise thereto 
with ice cooling for 1 0 minutes. After the reaction mixture was further stirred for 3 hours, the organic layer was separated. 
The resulting organic layer was concentrated to give the mixture of the above-mentioned compound and Its diastere- 
45 omer (2'S,3'S)-(Vlllb) (at a ratio of 84 : 1 6) as white crystals. 

[0070] This crude crystals was dissolved in 100 ml of ethanol at 70 ''C. After the crystallization was started at 55°C, 
It was kept at 55°C for 1 hour and then was cooled to 20^*0. The resulting crystals was filtered and washed with 30 ml 
of ethanol. The crystals obtained was dried In reduced pressure to give 6.07 g (10.9 mmol) of the above-mentioned 
compound. 

50 

((2'R(syn),3'S)-fomri) 
[0071] 

55 1 H-NMR (300 MHz. CDC13) 5: 0.84 (d, J= 6.1 Hz. 3H). 0.86 (d, J= 6.3 Hz, 3H), 1 .75-1 .95 (m. 1 H), 2.88 (dd, J= 7.5 

14.1 Hz,2H), 2.96 (d, J= 6.8 Hz, 2H), 3.00 (dd, J= 4.7, 14.1,1H). 2.90 (br.s, 1H), 3.12-3.26 (m, 2H), 3.80-3.91 (m, 
2H), 4.99 (br.d, J= 8.7 Hz, 1H), 5.01 (s, 2H), 7.21-7.32 (m, 10H), 7.92 (d, J= 8.7 Hz, 2H), 8.29 (d, J= 8.7 Hz, 2H) 
13C-NMR (75 MHz, CDC13) 6: 19.8, 19.9, 35.5, 52.4, 57.7. 66,9, 72.1, 124.3, 126.7, 127.8, 128,2, 128.5. 128.5, 
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128.6, 129.3, 136.1, 137.2, 144.6. 150.0. 156.5 
Example 22 

5 Production of 4-Nitro-N-((2'R (syn),3'S)-3'-(N-tei1-butyloxycarbonyl)amino-2'-hydroxy-4'-phenyibutyl)-N-isobutyl- 
benzenesulfonamide (IXc) 

[0072] 13.0 g (23.4 mmol, 96 %de) of 4-Nitro-N-((2'R (syn),3'S)-3'-(N-benzyloxycarbonyl)amino-2'-hydroxy-4'-phe- • 
nylbutyl)-N-lsobutyl-benzenesulfonamide (IXb) was dissolved in 77 ml of dichloromethane and 2 ml (46.8 mmol) of 

10 methanol. To this solution was added 19.3 ml (HBr 93.6 mmol) of 30 % hydrobromic acid in acetic acid solution, and 
the mixture was further stirred at room temperature for 3 hours. The reaction solution was neutralized with 300 ml of 
10 % sodium carbonate aqueous solution. The resulting mixture was extracted vyith 100 ml of dichloromethane to 
separate the organic layer. To this organic layer was added 5.62 g (25.7 mmol) of di-tert-butyl dicarbonate as dissolved 
in 50 ml of dichloromethane, and the mixture was stirred at room temperature for 2 hours. The reaction solution was 

15 concentrated to approximately 1 00 ml. To the resulting solution were added 1 00 ml of methanol and 3.23 g (23.4 mmol) 
of potassium carbonate and the mixture was further stirred at room temperature for 3 hours to disappear the acetylated 
compound of (Vlllc) at 2-position. To the resulting mixture was added 1.34 ml (23.4 mmol) of acetic acid to stop the 
reaction, and the mixture was concentrated. 50 ml of water and 200 ml of dichloromethane were added to the mixture 
to separate the organic layer. The organic layer was concentrated to give the crude crystal of the above-mentioned 

20 compound. 

[0073] This crude crystals was dissolved in 550 ml of ethanol at 557C. After the crystallization was started at 407C, 
it was cooled to 57C. The resulting crystals was filtered and washed with 1 00 ml of ethanol. The crystals obtained was 
dried In reduced pressure to give 8.71 g (16.7 mmol, 100 %de) of the above-mentioned compound, as white crystals. 

25 ((2'R(syn),3'S)-form) 

[0074] 

1H-NMR (300 MHz, CDCI3) 5: 0.87 (d, J= 6.6 Hz, 3H), 0.88 (d, J= 6.6 Hz. 3H), 1.36 (s, 9H), 1.81-1.96 (m, 1H). 
30 2.83-2.96 (m. 2H), 2.99 (d, J= 7.5 Hz. 2H), 3.20 (d, J=5.3 Hz,2H), 3.70-3.85 (m, 2H), 3.82 (br.s, 1 H), 4.64 (br.d, 

J= 7.6 Hz. 1H), 7.21-7.33 (m, 10H), 7.96 (d. J= 8.8 Hz. 2H), 8.33 (d, J= 8.8 Hz, 2H) 

13C-NMR(75 MHz, CDCI3)5: 19.8, 20.0. 26.9, 28.2, 35.6, 52.5, 55.2, 57.5. 72.2, 80.1, 124.3, 126.6, 128.5, 128.6, 
129.4, 137.5, 144.8. 150.0. 156.3 

Mass spectrum (ESI) 522.3 (MH+), 544.5 (MNa+), 560.4 (MK+) 

35 

Example 23 

Production of N-(S)-tetrahydrofuran-3-yloxycarbonyl-L- phenylalanine methyl ester (le) 

40 [0075] 0.881 g (10 mmol) of (S)-3-hydroxytetrahydrofuran was dissolved in 10 ml of dichloromethan. To this solution 
was added 1,34 g (4.5 mmol) of triphosgene and this solution was cooled to -40°C. 1.04 ml (13.5 mmol) of pyridine as 
dissolved in 5 ml of dichloromethane was added dropwise thereto for approximately 15 minutes, and the mixture was 
further stirred at room temperature for 3.5 hours. To the resulting solution was added dropwise 1 .94 g (9 mmol) of L- 
phenylalanine methyl ester hydrogen chloride as dissolved in 5 ml of dichloromethane with ice cooling. And then 2.12 

45 g (20 mmol) of sodium carbonate as dissolved in 20 ml of water was added dropwise thereto for approximately 15 
minutes, and the mixture was further stirred at room temperature for 2.5 hours. The organic layer was separated, and 
was washed with 1 N hydrochloric acid (10 ml x 2) and water (10 ml x 1). The resulting organic layer was concentrated 
to give 2.10 g (7.2 mmol) of the above-mentioned compound as yellow oil. 

50 1H-NMR (300 MHz, CDCI3) 5: 1.96-2.15 (m, 2H), 3.05 (dd, J= 5.6. 13.9 Hz. 1H), 3.13 (dd. J= 6.4, 13.9 Hz. 1H). 

3.72 (s, 3H), 3.75-3.91 (m, 4H), 4.62 (br.q, J= approx. 6 Hz, 1H), 5.19-5.23 (m, 1H), 5.26 (br.q, J= 8.7 Hz, 1H), 
7.10-7.29 (m, 5H). 

13C-NMR (75 MHz, CDCI3) 6: 32.7. 38.2, 52.3, 54.7, 66.9, 73.2, 75.5, 127.1, 128.6, 129.2, 135.7, 155.3, 172.0 
Mass spectrum (FAB) 294 (MH^) 
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Example 24 

Production of (4S)-4-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl)amino-5'phenyl-3-oxo-pentanoic acid tert-butyl ester 

m 

5 

[0076] A solution (2.0M) (9 ml, 1 8 mmol) of LDA in heptane, THF and ethylbenzene was dissolved in 20 ml of anhy- 
drous THF in argon atmosphere, and the mixed solution was cooled to -50 °C, To this solution was added dropwise a 
solution of 2.3 g (20 mmol) of tert-butyl acetate in 3 ml of THF for approximately 10 minutes while maintaining the 
temperature at -45 ^'C to -50 °C. After the completion of the dropwise addition, the mixture was stirred at -45 °C for 30 

10 minutes. To this solution was added dropwise a solution of 1 .75 g (5.3 mmol) of N-(S)-tetrahydrofuran-3-yloxycarbonyl- 
L-phenylalanine methyl ester (le) in 3 ml of THF for approximately 10 minutes while maintaining the temperature of 
-40 "C to -45 °C. After the completion of the dropwise addition, the reaction solution was stirred at -45 '^C for 1 hour, 
and 2.3 ml of acetic acid was added to the reaction solution to stop the reaction. To this were added 20 ml of water 
and 50 ml of toluene, and the organic layer was separated. The resulting organic layer was washed with 1 0 ml of 5-% 

15 sodium hydrogencarbonate aqueous solution and 1 0 ml of water in that order. The organic layer was dried over anhy- 
drous magnesium sulfate, and the filtrate was concentrated to give 1.95 g (52 mmol) of the above-mentioned crude 
compound. 

1H-NMR (300 MHz, CDCI3) 5: 1.46 (s, 9H). 1.96-2.17 (m, 2H). 2.97 (dd, J= 7.3, 14.2 Hz, 1H), 3.17 (dd. J= 6.2, 
20 14.2 Hz, 1H), 3.39 (br.s. 2H), 3.70-3.90 (m, 4H), 4.66 (br.q, J= approx. 6.5 Hz, 1H), 5.15-5.23 (m, 1H), 5.34 (br.d. 

J= 7.8 Hz, 1H). 7.15-7.31 (m, 5H). 

13C-NMR (75 MHz, CDCI3) 5: 27.9, 32.7, 37.1, 48.2, 60.6, 66.9, 73.2, 75.6, 82.3, 127.1, 128.7, 129.2, 135.7, 
155.4, 165.8, 201.6 

25 Example 25 Production of (4S)-4-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl)amino-2-chloro-5-phenyl-3-oxo-pentanoic 
acid tert-butyl ester (Hie) 

[0077] 1 .8 g (4,7 mmol) of (4S)-4-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl)amino-5-phenyl-3-oxo-pentanolc acid tert- 
butyl ester (Hie) was dissolved in 5 ml of dichloromethane. 0.39 ml (4.7 mmol) of sulfuryl chloride was added thereto 
30 while being stirred with ice cooling, and the mixture was further stirred for 1 hour at room temperature. The reaction 
mixture was concentrated under reduced pressure below 307C to give the above-mentioned crude compound. 

1H-NMR (300 MHz. CDCI3) 5: 1.40 (s, 9H), 1.96-2.17 (m, 2H), 2.92-3.02 (m, 1H), 3.17-3.25 (m, 1H), 3.67-3.90 
(m. 4H), 4.90 (d, J= 13.5 Hz, 1H), 4.98 (br.q, J= approx. 6.0 Hz, 1H), 5.15-5.19 (m. 1H), 5.27 (br.d, J= 8.3 Hz, 1H), 
35 7.18-7.30 (m,5H) 

13C-NMR (75 MHz, CDCI3) 6: 27.7, 32.7, 37.6, 59.1, 60.9, 66.9, 73.0, 75.9, 84.8, 127.3, 128.8, 129.3, 135.3, 
155.3. 163.3. 197.4 

Example 26 

40 

Production of (3S)-1-chioro-2-oxo-3-(N-(S)tetrahydro- furan-3'-yloxycarbonyl) amlno-4-phenylbutane (Vd) 

[0078] The crude compound of (4S)-4-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl)amino-2-chloro-5-phenyl-3-oxo-pen- 
tanoic acid tert-butyl ester (llle) obtained in Example 25 was dissolved In 5 ml of formic acid (90%), and the mixture 
45 was stirred for 15 minutes at 80 °C. This reaction mixture was concentrated under reduced pressure, and to the resulting 
mixture was added 10 ml of 2-propanol to form the crystal. The crystal was dissolved at 60 °C and the mixture was 
stirred at room temperature for 2 hours and at 5 °C for 30 minutes. The resulting crystals was filtered and was washed 
with 2 ml of 2-propanol to give 0.854 g (2.7 mmol) of the above-mentioned compound as white crystals. 

50 1H-NMR (300 MHz, CDC13) 5: 1.93-2.03 (m. 1H). 2.08-2.20 (m, 1H). 3.00 (dd. J= 7.1, 13.8 Hz, 1H), 3.10 (dd, J= 

6.8, 13.8 Hz, 1H), 3.75-3.92 (m. 4H). 3.98 (d. J= 16.2 Hz, 1 H). 4.16 (d, J= 16.2 Hz, 1H), 4.75 (br.q, J= approx. 7.5 
Hz, 1H), 5.17-5.22 (m, 1H), 5.36 (br.d, J= 7.14 Hz, 1H). 5.15-5.21 (m, 1H). 7.20-7.34 (m, 5H) 
13C-NMR (75 MHz, CDCI3) 5: 32.7, 37,7. 47.3, 58.5, 66.9. 73.1, 75.9, 127.5, 129.0, 129.0, 135.2, 155.4. 201.0 
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Example 27 

Production of (2S.3S)-1 -chloro-2-hydroxy-3-(N-(S)tetrahydrofuran'3'-yloxycarbonyl)amino-4-phenylbutane ( VId) 

5 [0079] 0.706 g (2.26 mmol) of (3S)-1-chloro-2-oxo-3-(N-(SHetrahydrofuran-3'-yloxycarbonyl) amino-4-phenylbu- 
tane (Vd) was dissolved in a mixed solvent contining 8 ml of dichloromethane and 80 ml of methanol. 60 mg (1 .6 mmol) 
of sodium borohydride was added thereto at -3 ""C for 5 minutes, and the mixture was further stirred for 60 minutes at 
-3 X. 0.385 ml (6.72 mmol) of acetic acid was added to the reaction mixture, and was concentrated under reduced 
pressure to remove methanol. 5 ml of water was added thereto and the resulting mixture was extracted twice with 

10 dichloromethane (20 ml and 10 ml). The combined organic layer was concentrated to give the mixture of above-men- 
tioned compound and the diastereomer ((2R,3S)-form) (at ratio of approximately 83 : 17) as white crystals. 

((2S,3S)'form) 

15 [0080] 

1H-NMR (300 MHz. CDCI3) 6: 1.90-2.00 (m, 1H), 2.05-2.18 (m. 1H). 2.80 (dd, J= 9.3, 14.0 Hz. 1H), 3.01 (dd, J= 
4.3, 1 4.0 Hz, 1 H), 3.54 (br.s. 1 H), 3.52-3.66 (m, 2H), 3.67-3.90 (m, 5H), 3.94-4.03 (m, 1H), 5.08-5.16 (m, 1H), 5.64 
( br.d, J= 9.4 Hz, 1H), 7.20-7.30 (m, 5H). 
20 13C-NMR (75 MHz, CDCI3) 6: 32.4, 35.1, 46.8. 54.2. 66.5, 72.9, 73.0, 74.7, 126.0, 128.0, 129.1. 137.6, 155.5 

Mass spectrum (ESI) 314.3 (MH+) 

Example 28 

25 Production of (2S.3S)-3-(N-(S)-tetrahydrofuran-3'-yl oxycarbonyl)amino-4-phenylbutane-1,2-epoxide (Vllc) 

[0081] The crude diastereomeric mixture of (2S,3S)-1 -chloro-2-hydroxy-3-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl) 
amino-4-phenylbutane (VId) obtained in Example 27 ((2S,3S)-(Vlb) and (2R,3S)-(Vlb) at a ratio of 83 : 17) was dis- 
solved in 20 ml of methanol. To this solution was added 624 mg (4.52 mmol) of potassium carbonate at room temper- 
30 ature, and the mixture was further stirred at room temperature for 2 hours for reaction. After the Insoluble matter of the 
reaction mixture was filtered, the filtrate was concentrated under reduced pressure below 35 °C. The resulting mixture 
was acidified with 10 ml of 0.5. N hydrochloric acid, and was extracted twice with dichloromethane (10 ml and 10 ml). 
The organic layer was concentrated under 40 °C to give 0.58 g (2.1 mmol) of the mixture of the above-mentioned 
compound and its diastereomer (2R,3S)-(Vllb) (at a ratio of 83 : 17) as white crystals. 

35 

((2S,3S)-form) ^ 
[0082] 

40 1 H-NMR (300 MHz, CDCI3) : 2.72-2.78 (m, 2H), 2.78-2.83 (m, 1 H), 2.86-3.02 (m, 2H), 3.70-3.90 (m, 5H), 4.65-4.68 

(br., 1H), 5.15-5.21 (m, 1H), 7.20-7.34 (m, 5H) 

13C-NMR (75 MHz, CDCI3) S: 32.7, 37.5, 46.7, 53.0, 53.0, 66.9, 73.2, 75.4, 126.9, 128.7, 129.4, 136.3. 155.5 
Mass spectrum (ESI) 278.2 (MH+) 

45 Example 29 

Production of (2R,3S)-3-(N-(S)-tetrahydrofuran-3'-yl oxycarbonyl)amino-2-hydroxv-1-(N-isobutyl)amino- 

4-phenylbutane (IXd) 

50 [0083] 0.58 g (2. 1 mmol) the diastereomeric mixture of 3-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl)amino-4-phenylb- 
utane-1 ,2-epoxlde (Vllc) obtained in Example 28 ((2S,3S)-(Vllc) and (2R,3S)-(Vllc) at a ratio of 83 : 1 7) was suspended 
in 4 ml of ethanol. To this suspension was added 3.4 ml (33.9 mmol) of isobutylamine, and the mixture was stirred at 
707C for 1 hour for reaction. The reaction solution was concentrated to give the mixture of the above-mentioned com- 
pound and its diastereomer (2S.3S)-(Vllla) (at a ratio of 83 : 17) as white crystals. 
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((2R.3S)-form) 
[0084] 

5 1H-NMR (300 MHz. CDCI3) S: 0.91 (d. J= 6.6 Hz. 6H), 1.72 (hep, 6.6 Hz, 1H), 1.80-1.95 (m, 1H), 2.02-2.14 

(m, 1 H), 2.37-2.44 (m, 2H), 2.64-2.99 (m, 5H), 3.55-3.86 (m, 5H). 5.11 (br., 1 H), 5.43 (br.d, J= 8.7 Hz, 1 H), 7.19-7.28 
(m, 5H) 

13C-NMR (75 MHz, CDC13) 8: 20.4, 28.2, 32.7, 36.6, 51.4, 55.2, 57.7, 66.8, 70.3, 73.2, 75.0, 126.3, 128.3, 129.3, 
137.7, 155.9 
10 Mass spectrum (ESI) 351 .3 (MH+) 

Example 30 

Production of 4-Nltro-N-((2'R (syn),3'S)-2''hydroxy-4' -phenyl-3'-(N-(S)-tetrahydrof uran-3"-yloxycarbonyl) amino-butyl) 
15 -N-isobutyl-benzenesulfbnamide (IXe) 

[0085] The diastereomeric mixture of (2R,3S)-3-(N-(S)-tetrahydrofuran-3'-yloxycarbonyl)amino-2-hydroxy-1 -(N-iso- 
butyl)amino-4-phenylbutane (IXd) obtained in Example 29 ((2R,3S)-(IXd) and (2S,3S)-(IXd) at a ratio of 83 : 17) was 
dissolved in 2 ml of dichloromethane. To this solution was added 0.233 g (2.2 mmol) of sodium carbonate as dissolved 

20 in 2 ml of water, and 0.488 g (2.2 mmol) of 4-nitrobenzenesulfonylchloride as dissolved in 1 ml of dichloromethane was 
added thereto with ice cooling for 2 minutes. While the reaction mixture was further stirred for 3 hours at room tem- 
perature, 6 ml of dichloromethane and 2 ml of water were added thereto because it was difficult to stir the mixture 
owing to deposition of the crystal. The organic layer was separated and the resulting organic layer was concentrated 
to give 0.974 g of the mixture of the above-mentioned compound and its diastereomer (2'S,3'S)-(Vlllb) (at a ratio of 

25 83 : 1 7) as white crystals. 

[0086] This crude crystals was dissolved in 60 ml of ethanol at 70 °C. After the crystallization was started at 55 °C, 
it was cooled to 5 °C. The resulting crystals was filtered and washed with 5 ml of ethanol. The crystals obtained was 
dried in reduced pressure to give 0.642 g (96.4%de) of the above-mentioned compound. 

[0087] This crystals was recrystallized from 50 ml of ethanol to give 0.583 g of the above mentioned compound 
30 (I00%de). 

((2'R(syn),3'S)-form) 

[0088] 

35 

1 H-NMR (300 MHz, CDCI3) 5: 0.87 (d, J= 7.0 Hz, 3H), 0.89 (d, J= 7.0 Hz, 3H), 1 .89 (hep, J= 6.8, 1 H), 1 .90-1 .94 
(m, 1H), 2.08-2.15 (m, 1H), 2.86-3.04 (m, 4H), 3.11-3.24 (m, 2H), 3.58 (br.s, 6H), 3.65-3.87 (m. 6H), 4,85 (br.d, 
J=5.2 Hz, 1H), 5.10-5.18 (m, 1H), 7.20-7.37 (m, 5H) , 7.95 (d, J= 8.9 Hz, 2H), 8.34 (d, J= 8.9 Hz, 2H) 
13C-NMR (75 MHz, CDCI3) 5: 19.8, 19.9, 27.0. 32.7, 35.4, 52.7, 55.3, 57.8. 66.8, 72.1. 73.1, 75.6, 124.3, 126.7. 
40 128.5, 128.6. 129.3, 137.2, 144.7, 150.0, 156.2 

Mass spectrum (FAB) 536 (MH+) 

Example 31 

45 Production of (4R)-4-(N-benzyloxycarbonyl)amino-3-oxo-5- phenylthiopentanoic acid tert-butyl ester (llf) 

[0089] A solution (2.0M) (420 ml, 840 mmol) of LDA in heptane. THF and ethylbenzene was dissolved In 800 ml of 
anhydrous THF in argon atmosphere, and the mixed solution was cooled to -66 °C. To this solution was added dropwise 
a solution of 99.54 g (856.9 mmol) of tert-butyl acetate in 53 ml of THF for approximately 1 0 minutes while maintaining 

50 the temperature at -69 ""C to -71 °C. After the completion of the dropwise addition, the mixture was stirred at -69 °C to 
-74 °C for 60 minutes. To this solution was added dropwise a solution of 80.00 g (231.6 mmol) of N-benzyloxycarbo- 
nyl-(S-phenyl)-L-cysteine methyl ester (If) in 135 ml of THF for approximately 45 minutes while maintaining the tem- 
perature of -69 °C to -73 °C. After the completion of the dropwise addition, the reaction solution was stirred at -69 °C 
to -74 °C for 2.5 hours. The reaction solution was added to 150 ml of 36% hydrochloric acid as dissolved in 750 ml of 

55 water. To this was added 80 ml of ethyl acetate, and the organic layer was separated. The resulting water layer was 
extracted with 550 ml of ethyl acetate. The organic layers were combined and were washed with 300 ml of 1 N hydro- 
chloric acid,saturated sodium hydrogencarbonate aqueous solution and saturated sodium chloride aqueous solution 
in that order. The organic layer was dried over anhydrous sodium sulfate, and the filtrate was concentrated to give 
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108.04 g (79.9 wt%, 86.33 g) of the above-mentioned crude compound. The yield was 86.8 %. 

1H-NMR (300 MHz, CDCI3) 6: 3.28 (dd. 1H). 3.36-3.52 (m. 3H), 4.60 (dd, 1H). 5.07(d, 1H), 5.10 (d.lH), 5.58 (br. 
d. 1H), 7.19-7.40 (m, 1 0H). 
5 Mass spectrum (ESI) 452 (MNa+) 

Example 32 

Production of (3R)-3-(N-benzyloxycarbonyi)amino-1-chloro-2-oxo-4-phenylthiobutane (Ve) 

10 

[0090] 108.04 g (79.9 wt%, 86.33 g, 201 .0 mmol) of (4R)-4-(N-benzy!oxycarbonyl)amino-3-oxo-5-phenylthiopenta- 
noic acid tert-butyl ester (lit) was dissolved in 320 ml of dichtoromethane, and was cooled to -32 °C. 34.38 g (254.7 
mmol) of sulfuryl chloride as dissolved in 22 ml of dichloromethane was added dropwise thereto for 80 minutes while 
being stirred at -32 °C to -31 °C, and the mixture was further stirred for 80 minutes at -32 °C to -31 ''C. To the reaction 

15 mixture was added 300 ml of water, and the organic layer was separated. The resulting organic layer was washed with 
saturated sodium hydrgencarbonate aqueous solution and saturated sodium chloride aqueous solution in that order, 
and was dried over sodium sulfate. The filtrate was concentrated, and the resulting residue was dissolved in 192 ml 
of formic acid (90%), and the mixture was stirred for 4 hours at 50 °C to 52 °C. This reaction mixture was concentrated 
under reduced pressure, and to the resulting mixture was added 200 ml of 2-propanol. The mixture was concentrated 

20 again, and to the resulting mixture was added 400 ml of 2-propanol to form the crystal. The crystal formed was dissolved 
at 52 and was cooled to 5 °C. The resulting crystal was filtered and was washed with 150 ml of 2-propanol to give 
51.5 g (98.0 wt%, 50.47 g) of the above-mentioned compound as white crystals. The yield was 59.9%. 

1H-NMR (300 MHz. CDCI3) 5: 3.32 (dd. 1H). 3.42 (dd, 1H), 4.13 (d. 1H). 4.72 (d, 1H). 4.73 (dd, 1H). 5.00 (s, 2H), 
25 5.57 (br.d, 1H). 7.22-7.40 (m, 10H). 

Mass spectrum (ESI) 364 (MH+) 

Example 33 

30 Production of (2R,3S)-3-(N-benzyloxycarbonyl)amino-1-chloro-2-hydroxy-4-phenylthiobutane (Vie) 

[0091] 51.5 g (98.0 wt%, 50.47 g, 138.7 mmol) of (3R)-3-(N-benzyloxycarbonyl)amino-1-chloro-2-oxo-4-phenylth- 
iobutane (Ve) was dissolved in a mixed solvent containing 300 ml of dichloromethane and 187 ml of methanol. 3.64 g 
(96.2 mmol) of sodium borohydride was added portionwise thereto at -11 '^C to -9 °C for 1 hour, and the mixture was 

35 further stirred for 40 minutes at -127C to -9 °C. 48 ml of 2 N hydrochloric acid was added to the reaction mixture, and 
was concentrated under reduced pressure to remove methanol. 500 ml of dichloromethane and 300 ml of water were 
added thereto and the organic layer was separated. The resulting organic layer was washed with 300 mi of saturated 
sodium chloride aqueous solution, and was dried over sodium sulfate. The filtrate was concentrated to give the mixture 
of above-mentioned compound and the diastereomer ((2R,3S)-form) (at ratio of approximately 83 : 17) as the result 

40 of the HPLC analysis. 

[0092] The crude crystals was dissolved in 200 ml of ethyl acetate and 300 ml of hexane at 60 °C. The solution was 
cooled to 5 °C and the resulting crystals was filtered and was washed with 1 70 ml of a mixed solvent containing hexane 
and ethyl acetate at a ratio of 2 : 1 to give 38.77 g (98.6 %de) of the above mentioned-compound as white crystals. 
The yield was 76.4 %. 

45 

((2R.3S)-form) 

[0093] 1 H-NMR (300 MHz, CDCI3) 6: 3.29 (d. 2H), 3.60 (dd, 1 H), 3.68 (dd, 1 H), 3.88-3.96 (m, 2H), 5.07 (s, 2H), 5.1 5 
(br, 2H), 7.18-7.39 (m. 10H) 

50 

Example 34 

Production of (3S)-3-(N-benzyloxycarbonyl)amino-3-benzyl-2- oxo-1-chloropropane (Vb) 

55 [0094] 1 .00 g (2.38 mmol) of N-benzyloxycarbonyl-L-phenylalanine p-nitrophenyl ester (Ig) and 1 .45 ml (9.38 mmol) 
of trimethylsilyl chloroacetate (IVb) were dissolved in 10 ml of THF in argon atmosphere and the mixed solution was 
cooled to -75°C. To this solution was added dropwise a solution (2.0M) (4.52 ml, 9.04 mmol) of LDA in heptane, THF 
and ethylbenzene as dissolved in 4 ml of anhydrous THF for approximately 1 hour and 15 minutes while maintaining 
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the temperature at -72*'C to -65°C. After the completion of the dropwise addition, the mixture was stirred at -IZ^C for 
3 hours. 20 ml of 10% citric acid aqueous solution was added to the reaction solution to stop the reaction. The tem- 
perature was then raised to room temperature, and 20 ml of ethyl acetate was added. The resulting organic layer was 
separated and was washed with 1 0 ml of water twice. The organic layer was dried over anhydrous magnesium sulfate, 
5 and the filtrate was concentrated to give the above-mentioned crude compound. As the result of the HPLC analysis, 
this crude compound contained 31 6.6 mg (0.954 mmol, 48.4%) of the above-mentioned compound (Vb) and the starting 
material N-benzyloxycarbonyl-L-phenyialanine p-nitrophenyl ester (Ig) 398.8 mg (0.949 mmol, 39.9%). 

Example 35 

10 

Production of (3S)-3-(N-ter1-butyloxycarbonyl)amino-3-benzyl- 2-oxo-1-chloropropane (Vf) 

[0095] 1 .002 g (2.594 mmol) of N-tert-bulyloxycarbonyl-L-phenylalanine p-nitrophenyl ester (Ih) and 2.04 ml (12.96 
mmol) of trimethylsilyl chloroacetate (IVb) were dissolved in 10 ml of THF in argon atmosphere and the mixed solution 

15 was cooled to -70°C. To this solution was added dropwise a solution (2.0M) (6.47 ml, 1 2.95 mmol) of LDA in heptane, 
THF and ethylbenzene as dissolved in 9 ml of anhydrous THF for approximatelyl 70 minutes while maintaining the 
temperature at -70°C to -68°C. After the completion of the dropwise addition, the mixture was stirred at -70*'C for 3 
hours. 20 ml of 1 0% citric acid aqueous solution was added to the reaction solution to stop the reaction. The temperature 
was then raised to room temperature, and 20 ml of ethyl acetate was added. The resulting organic layer was separated 

20 and was washed with 10 ml of water twice. The organic layer was dried over anhydrous magnesium sulfate, and the 
filtrate was concentrated to give the above-mentioned crude compound. As the result of the HPLC analysis, this crude 
compound contained 413.5 mg (1 .389 mmol, 53.5%) of the above-mentioned compound (Vf) and the starting material 
N-tert-butyloxycarbonyl-L-phenylalanine p-nitrophenyl ester (Ih) 164 mg (0.425 mmol, 16.4 %). 

25 Example 36 

Production of (3S)-3-(N-tert-butyloxycarbonyl)amino-3-benzyl- 2-oxo-1 -chloropropane (Vf) 

[0096] A solution (2.0M) (4.9 ml, 9.8 mmol) of LDA in heptane, THF and ethylbenzene was dissolved in 10 ml of 
30 anhydrous THF in argon atmosphere, and the mixed solution was cooled to -75*C. To this solution was added dropwise 
a solution of 463 mg (4.9 mmol) of chloroacetic acid (IVc) in 3.5 ml of THF for approximately 20 minutes while main- 
taining the temperature at -75'*C to -70°C. After the completion of the dropwise addition, the mixture was stirred at 
-75**C to -70°C for 30 minutes. To this solution was added dropwise a solution of 500 mg (1.29 mmol) of N-tert-buty- 
loxycarbonyl-L-phenylalanine p-nitrophenyl ester (Ih) in 4 ml of THF for approximately 15 minutes while maintaining 
35 the temperature of -75°C to -70°C. After the completion of the dropwise addition, the reaction solution was stirred at 
-75°C to -70°C for 3 hour, and 20 ml of 1 0% citric acid aqueous solution was added to the reaction solution to stop the 
reaction. The temperature was then raised to room temperature, and 20 ml of ethyl acetate was added and the resulting 
organic layer was separated. The organic layer was washed with 20 ml of saturated sodium hydrogencarbonate aque- 
ous solution and 20 ml of saturated sodium chloride aqueous solution in that order. The organic layer was dried over 
40 anhydrous sodium sulfate, and the filtrate was concentrated to give the above-mentioned crude compound. As the 
result of the HPLC analysis, this crude compound contained 186 mg (0.625mmol) of the above-mentioned compound 
(Vf). The yield was 48.4%. 

[0097] The compounds which were used or synthesized in the above-mentioned Production Examples and Examples 
are shown below. 

45 



50 



55 
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Rs 



(la) Rs=P,=p2=Ei=0Bn 
(lb) Rs=P,=P2=Bn, E,=OPNP 
(Ic) Rs=Bn, P,=Z, P2=H. Ei=OMe 
(Id) Rs=Bn. P,=Boc, P2=H, E,=OMe 

(Ic) Rs=Bn. P,= J^^SZ^ ' P2=H. Ei=OMc 

(If) RssCHjSPh, P,=Z, P2=H. E,=OMe 
(Ig) Rs=Bn, Pi=Z, P2=H. Ei=OPNP 
(Ih) Rs=Bn, Pi=Boc. P2=H, E,=OPNP 



P, O 
Rs 



(Va) Rs=P,=p2=Bn.X=Br 
(Vb) Rs=Bn, Pj=Z, P2=H, X=Cl 
(Vc) Rs=Bn, P,=Z. P2=H, X=Br 

(Vd) Rs=Bn,P,=^ jQo ,P2=H,X=a 

(Ve) Rs=CH2SPh, P,=Z, P2=H, X=C1 
(Vf) Rs=Bn, Pi=Boc, P2=H, X=C1 



P, O O 

As 

(Ila) Rs=Pi=P2=Bn, R2=t-Bu 
(lib) Rs=Bn. P,=Z. P2=H. Ri=t-Bu 
(lie) Rs=Bn. Pi=Z. P2=H. R,=Et 
(Ild) Rs=Bn, Pi=Boc, P2=H, R,=t-Bu 

(He) Rs=Bn. Pi=^ • ^2=^. R,=t-Bu 

(Ilf) Rs=CH2SPh. P,=Z. P2=H, R,=t-Bu 



P, OH 

As 

(VIb) Rs=Bn. P,=Z, P2=H. X=CI 
(Vic) Rs=Bn. Pi=Z, P2=H. X=Br 

(VId) Rs=Bn. Pi= . P2=H. X=C1 

(Vie) Rs=CH2SPh. P,=Z, p2=H. X=CI 



Pi O 



Rs 



Rs 



(Vllb) Rs=Bn, Pi=Z, P2=H 



(ma) Rs=Pi=p2=Bn.R,=c-Ba,X=Br 
(inb) Rs=Ba, Pi=Z. P2=H. Ri=i-Bu, X=Cl 
(lEc) Rs=Bn. P,=Z, P2=H. Ri=t-Bu, X=Br 
(ffld) Rs=Pi=P2=Bn. R,=i-Bu, X=C1 



(VDc) Rs=Bn. P,= ^ 



(IHc) 



Rs=Bn.P,= ^ J3° .P2=H.Ri=t-Bu.X=CI 
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O 



(IVa) R,=t-Bu,X=a 
(IVb) Ri=TMS,X=Cl 
(IVc) R,=H,X=a 




Pi OH Rg 



Rs 



(IXa) Rs=Bn, P,=Z, P2=H. Ri=i-Bu, R2=H . 

(IXb) Rs=Bn, P,=Z, P2=H, Ri=i-Bu, R2=:S02(4-N02-Ph) 

(IXc) Rs=Bn, P,=Boc, P2=H. Ri=i-Bu. R2=S02(4-N02-Pli) 




[0098] Embodiments of the present invention can thus make it possible to produce 3-amino-2-oxo-1-halogenopro- 
pane derivatives which can easily be converted to 3-amino-1 ,2-epoxypropanes that are important as intermediates for 
pharmaceutical preparations including HIV protease inhibitors and certain enzyme inhibitors, in high yields by a safe 
industrial process comprising a few steps. 



1, A process for producing a 3-amino-2-oxo-1-halogenopropane derivative represented by formula (V) or its salt 



wherein Rs represents hydrogen, an alkyi group having from 1 to 10 carbon atoms, an aryl group having from 
6 to 15 carbon atoms, an aralkyi group having from 7 to 20 carbon atoms, or the above-mentioned groups 
containing a hetero atom in the carbon skeleton, 

and P2, independently from each other, represent hydrogen or an amino-protecting group, or P^ and P2 
together form a difunctional amino-protecting group, and 
X represents a halogen atom other than fluorine, 

which process comprises hydrolysing and decarboxylating a compound of formula (III) 



Claims 




(V) 



Rs 
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Rs X 



wherein Pi, P2, Rs and X are as defined above, and represents an alkyi group having from 1 to 10 carbon 
atoms, an aryl group having from 6 to 15 carbon atoms, or an aralkyi group having from 7 to 20 carbon atoms. 

A process according to claim 1 for producing a 3-amlno-2-oxo-1-halogenopropane derivative represented by for- 
mula (V) 




Rs 



or its salt, where , Pg, Rs and X are as defined in claim 1 wherein the compound of fomiula (111) set out In claim 
1 is produced by reacting a compound represented by formula (I) 




Rs 



wherein 

Rs, P^, P2 and X are as defined above, and 

Ei represents, as an active carboxy terminal, an ester residue of alkoxy having from 1 to 10 carbon atoms, a 
phenoxy or benzyloxy group which may have a substituent In the ring, an active ester residue of N-oxysuc- 
cinimide or 1 -oxybenzotriazole, an active thioester residue, an imidazolyl group or a residue capable of forming 
an acid halide, an acid anhydride or an acid azido 

with an alkali metal enoiate of an acetate to obtain a compound represented by formula (II) 




Rs 

wherein 

Rs, Pi and P2 are as defined above, and 

Ri represents an alkyI group having from 1 to 10 carbon atoms, an aryl group having from 6 to 15 carbon 
atoms, or an aralkyi group having from 7 to 20 cartx)n atoms, 

and reacting the compound of formula (II) with a halogenating agent for halogenation of the 2-position to 
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form a 4-amjno-3-oxo-2-halogenobutanoic acid ester derivative represented by formula (III) 



O O 
Rs X 



wlierein Rs, P^, P2 and are as defined above. 

A process according to claim 1 for producing a 3-amino-2-oxo-1-lialogenopropane derivative represented by for- 
mula (V) 




Rs 



or its salt, where Pi, P2, Rs and X are as defined in claim 1 wherein the compound of formula (III) set out- 
in claim 1 is produced by reacting a compound represented by fomnula (I) 




(I) 



Rs 



wherein 

Rs, Pi, P2 and X are as defined above, and 

El represents, as an active carboxy terminal, an ester residue of alkoxy having from 1 to 10 carbon atoms, a 
phenoxy or benzyloxy group which may have a substituent In the ring, an active ester residue of N-oxysuc- 
cinimide or 1-oxybenzotriazole, an active thioester residue, an imidazolyl group or a residue capable of forming 
an acid halide, an acid anhydride or an acid azido 

with an alkali metal enolate of a compound represented by formula (IV) 




(IV) 



wherein X and R^ are as defined above, to form the 4-amino-3-oxo-2-halogenobutanoic acid ester or salt 
derivative represented by formula (III) 
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O"^^ (III) 



Rs X 



wherein Rs, Ri, P^, Pa and X are as defined above. 

The process of claim 2 or 3, wherein the carbon atom at the root of the amino group in the compound of formula 
(I) has an S-configuration except for the case where Rs in formula (I) is hydrogen. 

The process of claim 2 or 3, wherein the carbon atom at the root of the amino group in the compound of formula 
(I) has an R-conflguration except for the case where Rs in formula (I) is hydrogen. 

A 4-amino-3-oxo-2-haiogenobutanoic acid ester represented by formula (111) 



Rs represents hydrogen, an alkyi group having from 1 to 10 carbon atoms, an aryl group having from 6 to 15 
carbon atoms, an aralky! group having from 7 to 20 carbon atoms, or the above-mentioned groups containing 
a hetero atom in the carbon skeleton, 

P^ and P2, independently from each other, represent hydrogen or an amino-protecting group, or P^ and P2 
together form a difunctionai amino-protecting group, R^ represents an alkyI group having from 1 to 10 carbon 
atoms, an aryl group having from 6 to 1 5 carbon atoms, or an aralkyi group having from 7 to 20 carbon atoms, 
and 

X represents a halogen atom other than fluorine; 



The compound or its salt of claim 6, wherein the carbon atom at the root of the amino group has an S-configuration 
except for the case where Rs is hydrogen. 

The compound or its salt of claim 6, wherein the carbon atom at the root of the amino group has an R-configuration 
except for the case where Rs in formula (III) is hydrogen. 

A process for producing a 4-amino-3-oxo-2-halogenobutanoic acid ester of formula (III) 



wherein P^, Pg, R^, Rs and X are as defined in claim 1, comprising reacting a compound of formula (II) 




wherein 



or its salt. 
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Rs 

wherein P^, P2, and Rs are as defined in claim 1, with a halogenating agent for halogenation of the 

2-position. 

10. A process for producing a 4-amino-3-oxo-2-halogenobutanoic acid ester or salt derivative of formula (III) 




Rs X 



wherein Rs, P^, Pg, X and R^ are as defined in claim 1, comprising reacting a compound of formula (I) 




(I) 



Rs 



wherein Rs, , P2, X and are as defined in claim 3 with an all<ali metal enolate of a compound of formula 

(IV) 

O 

wherein X and Ri are as defined in claim 3. 
Patentanspruche 

1. Verfahren zur Herstellung eines 3-Amino-2-oxo-1- halogenpropanderivats, das durch die Formel (V) 




Rs 
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dargestellt ist, oder seines Satzes, 

worin Rs Wasserstoff, eine Alkylgruppe mit 1 bis 10 Kohlenstoffatomen, eine Arylgruppe mit 6 bis 15 Kohlen- 
stoffatomen, eine Aralkylgruppe mit 7 bis 20 Kohlenstoffatomen oder die vorstehend genannten Gruppen dar- 
stent, die in dem Kohlenstoffskelett ein Heteroatom enthalten, 

und Pg unabhangig voneinander Wasserstoff oder eine Aminoschutzgruppe darstellen, oder P^ und Pg 
zusammen eine bifunktionelle Aminoschutzgruppe darstellen, und 
X ein Halogenatom auBer Fluor darstellt. 

welches das Hydrolysieren und Decarboxylieren einer Verbindung der Formel (III) umfa3t 



Rs X 



(III) 



worin P^, P2, Rs und X wie vorstehend definiert sind und R^ eine Alkylgruppe mit 1 bis 10 Kohlenstoffatomen, 
eine Arylgruppe mit 6 bis 15 Kohlenstoffatomen oder eine Aralkylgruppe mit 7 bis 20 Kohlenstoffatomen darstellt. 

Verfahren nach Anspruch 1 zur Herstellung eines 3-Amino-2-oxo-1-halogenpropanderivats, das durch die Forme! 
(V) 




dargestellt ist, oder seines Salzes, worin P^, P2, Rs und X wie in Anspruch 1 definiert sind, worin die Verbindung 
der Formel (III) gemaB Anspruch 1 durch Umsetzen einer Verbindung, die durch die Formel (I) dargestellt ist 




worin Rs, P^, P2 und X wie vorstehend definiert sind und 

als aktive Carboxyendgnjppe einen Esterrest einer Alkoxygruppe mit 1 bis 10 Kohlenstoffatomen, eine 
Phenoxy- oder Benzyloxygruppe, die am Ring substituiert sein kann, einen aktiven Esterrest von N-Oxysuc- 
cinimid oder 1-Oxybenzotriazot, einen aktiven Thioesterrest, eine Imidazolylgruppe oder einen Rest darstellt, 
der ein Saurehalogenid, ein Saureanhydrid oder ein Sdureazid bilden kann, 

mit einem Alkalimetallenolat eines Acetats, wobei eine Verbindung erhalten wird, die durch die Formel (II) 
dargestellt ist 
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worin Rs, und wie vorstehend definiert sind und 

eine Alkylgruppe mit 1 bis 10 Kohlenstoffatomen, eine Arylgruppe mit 6 bis 15 Kohlenstoffatomen Oder 
eine Aralkylgruppe mit 7 bis 20 Kohlenstoffatomen darstellt, 

und Umsetzen der Verbindung der Formel (II) mit einem Halogenierungsmittel zur Halogenierung der 2-Po- 
sition hergestellt wird, wobei ein 4-Annino-3-oxo-2-halogenbuttersaureesterderlvat gebildet wird, das durch die 
Formel (III) 




dargestellt ist, 

worin Rs, P^, P2 R^ wie vorstehend definiert sind. 

Verfahren nach Anspruch 1 zur Herstellung eines 3-Amino-2-oxo-1-halogenpropandehvats, das durch die Formel 
(V) 




Rs 



dargestellt ist, Oder seines Salzes, worin P^, P2, Rs und X wie in Anspruch 1 definiert sind, wobei die Ver- 
bindung der Formel (III) gem^B Anspruch 1 durch Umsetzen einer Verbindung, die durch die Formel (I) dargestellt 
ist 




(I) 



Rs, P^, P2 und X wie vorstehend definiert sind, und 

als aktive Carboxyendgruppe einen Esterrest einer Alkoxygruppe mit 1 bis 10 Kohlenstoffatomen, eine 
Phenoxy- Oder Benzyloxygruppe, die am Ring substltuiert sein kann, einen aktiven Esterrest von N-Oxysuc- 
cinlmid Oder 1-Oxybenzotriazol, einen aktiven Thioesterrest, eine Imidazolylgruppe Oder einen Rest darstellt, 
der ein Saurehalogenid, ein Saureanhydrld Oder ein Saureazid bilden kann. 
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mit einem Alkalimetallenolat einer Verbindung, die durch die Formel (IV) dargestellt ist 



(IV) 



wohn X und R-, wie vorstehend definiert sind, hergestellt wird, wobei der durch die Formel (III) dargestellte 
4-Amino-3-oxo-2-halogenbuttersaureester Oder ein Salzderivat geblldet wird 



worin Rs, R^, Pi, P2 und X wie vorstehend definiert sind. 

Verfahren nach Anspruch 2 oder 3, wobei das Kohlenstoffatom in der Verbindung der Forniel (I), an das die Ami- 
nogruppe gebunden ist, die S-Konfiguration aufweist, au3er in denn Fall, wenn Rs in der Formel (I) Wasserstoff ist. 

Verfahren nach Anspruch 2 oder 3, wobei das Kohlenstoffatom in der Verbindung der Formel (I), an das die Ami- 
nogruppe gebunden ist, die R-Konfigu ration aufweist, auBer in dem Fall, wenn Rs in der Formel (I) Wasserstoff ist. 

4-Amino-3-oxo-2-halogenbuttersaureester, der durch die Fomnel (III) dargestellt ist 



worin Rs Wasserstoff, eine Alkylgruppe mit 1 bis 10 Kohlenstoffatomen, eine Arylgruppe mit 6 bis 15 Koh- 
lenstoffatomen, eine Arall<ylgruppe mit 7 bis 20 Kohlenstoffatomen oder die vorstehend genannten Gruppen dar- 
stellt, die in dem Kohlenstoffskelett ein Heteroatom enthalten, 

Pi und P2 unabhangig voneinander Wasserstoff oder eine Aminoschutzgruppe darstellen, oder P^ und P2 
zusammen eine bifunktionelle Aminoschutzgruppe darstellen, 

Ri eine Alkylgruppe mit 1 bis 10 Kohlenstoffatomen, eine Arylgruppe mit 6 bis 15 Kohlenstoffatomen oder 
eine Aralkylgruppe mit 7 bis 20 Kohlenstoffatome darstellt, und 
X ein Halogenatom auBer Fluor darstellt, 

Oder sein Salz. 

Verbindung oder ihr Salz nach Anspruch 6, worin das Kohlenstoffatom, an das die Aminogruppe gebunden ist, die 
S-Konfiguration aufweist, auBer in dem Fall, wenn Rs Wasserstoff ist. 

Verbindung oder ihr Salz nach Anspruch 6, worin das Kohlenstoffatom, an das die Aminogruppe gebunden ist, die 
R-Konfiguration aufweist, auBer in dem Fall, wenn Rs in der Formel (III) Wasserstoff ist. 

Verfahren zur Herstellung eines 4-Amino-3-oxo-2-halogenbuttersaureesters der Formel (III) 
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f^i (III) 



Rs X 



worin P^, Pg, Ri, Rs und X wie In Anspruch 1 definiert sind, welches das Umsetzen einer Verbindung der 
Formel (11) 



O O 




(II) 



Rs 



worIn Pi , P2, Ri und Rs wie in Anspmch 1 definiert slnd, mit einem Halogenienjngsmittel zur Halogenierung 
der 2-Position umfaBt. 

10. Verfaliren zur Herstellung eines 4-Amino-3-oxo-2-lialogenbuttersaureesters oder eines Salzderivats der Formel 
(III) 



Rs X 



worin Rs, P^, Pg, X und R^ wie In Anspruch 1 definiert slnd, welches das Umsetzen elner Verbindung der 
Formel (I) 




(I) 



Rs 



worin Rs, P^, P2, X und wie in Anspruch 3 definiert sind, mit einem Alkalimetallenolat einer Verbindung 
der Formel (IV) umfaBt 



(IV) 



worin X und R^ wie in Anspruch 3 definiert slnd. 
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Revendicatlons 

1. Procede pour la production d'un derive de 3-amino-2-oxo-1-ha!ogenopropane represente par (a formule (V) ou 
son sel 

5 




Rs 



dans laquelle Rs represente un atome d'hydrog^ne, un groupe alkyle ayant de 1 k 10 atomes de carbone, un 
groupe aryle ayant de 6 ^ 15 atomes de carbone, un groupe aralkyle ayant de 7 a 20 atomes de carbone ou 
^5 les groupes mentionnes ci-dessus contenant un heteroatome dans le squelette carbone, 

Pi et P2 representent, independamment Tun de I'autre, un atome d'hydrogene ou un groupe protecteur d'un 
groupe amino ou P^ et P2 torment ensemble un groupe difonctionnel protecteur d'un groupe amino et 
X represente un atome d'halog^ne autre qu'un atome de fluor, 

20 le precede comprenant I'hydrolyse et la decarboxylation d'un compost de formule (III) 



25 




dans laquelle P^, P2, Rs et X sont tels que definis ci-dessus et R^ represente un groupe alkyle ayant de 1 h 
30 10 atomes de carbone, un groupe aryle ayant de 6 ^ 15 atomes de carbone ou un groupe aralkyle ayant de 7 ^ 

. 20 atomes de carbone. 

2. Procede selon la revendication 1 pour la production d'un d^riv^ de 3-amino-2-oxo-1 -halog^nopropane represent^ 
par la formule (V) 

35 




Rs 



ou son sel, dans laquelle P^, P2, Rs et X sont tels que definis dans la revendication 1 , dans lequel le compost de 
formule (III) indiqu6 dans la revendication 1 est produit par reaction d'un compose represente par la formule (I) 

45 



50 




Rs 



dans laquelle 

55 

Rs, Pi , P2 et X sont tels que definis ci-dessus et 

represente, en tant qu'extremite terminale carboxy active, un residu ester d'alcoxy ayant de 1 a 10 atomes 
de carbone, un groupe phenoxy ou benzyloxy qui peut comporter un substituant sur le cycle, un residu ester 
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actif de N-oxysuccinimide ou de 1-oxybenzotriazote, un residu thioester actif, un groupe imidazolyle ou un 
residu capable de former un halogenure d'acide, un anhydride d'acide ou un azide d'acide 

avec un enolate de metal alcalln d'un acetate afin d'obtenir un compost represents par la formule (II) 




dans laquelle 



Rs, et P2 sont tels que definis ci-dessus et 

represente un groupe alkyle ayant de 1 ^ 10 atomes de carbone, un groupe aryle ayant de 6 ^ 15 atomes 
de carbone ou un groupe aralkyle ayant de 7 ^ 20 atomes de carbone, 

et la reaction du compose de formule (II) avec un agent d'halogenatlon pour halogener ia position 2 afin de 
fomier un dSriv^ ester de I'aclde 4-amino-3-oxo-2-halogenobutanoique represente par la formule (III) 




Rs X 



dans laquelle Rs, P^, P2 et R^ sont tels que definis ci-dessus. 

Precede selon la revendication 1 pour la production d'un derive de 3-amino-2-oxo-1-halogenopropane represente 
par la formule (V) 




ou son sel, dans laquelle P^, P2, Rs et X sont tels que definis dans la revendication 1 , dans lequel le compose 
de formule (III) indique dans la revendication 1 est produit par reaction d'un compost represents par la formule (I) 




Rs 



dans laquelle 

Rs, P^, P2 et X sont tels que definis ci-dessus et 

represente, en tant qu'extremite terminale carboxy active, un residu ester d'alcoxy ayant de 1 a 10 atomes 
de carbone, un groupe phenoxy ou benzyloxy qui peut comporter un substituant sur le cycle, un residu ester 
actif de N-oxysuccinimide ou de 1 -oxybenzotriazole, un residu thioester actif, un groupe imidazolyle ou un 
residu capable de former un halogenure d'acide, un anhydride d'acide ou un azide d'acide 
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avec un dnolate de mdtal alcalin d'un compose represents par la formula (IV) 

O 

X^^^/R, (IV) 

dans laquelle X et R, sont tels que definis ci>dessus, afin de former le derive ester de Tacide 4-amino-3-oxo- 
2-hatogenobutanoTque ou son sel repr§sente par la formule (III) 




Rs X 



dans laquelle Rs, Ri. Pi. Pg et X sont tets que definis cl-dessus. 

Proc6de selon la revendication 2 ou 3, dans lequel ratome de carbone portant le groups amino dans le compose 
de formule (I) presente une configuration S, sauf pour le cas ou Rs dans la formule (I) est un atome d'hydrogene. 

Procede selon la revendication 2 ou 3, dans lequel I'atome de carbone portant le groups amino dans le compose 
de formule (I) presente une configuration R, sauf pour le cas ou Rs dans la formule (I) est un atome d'hydrogene. 

Ester de Tacide 4*amlno-3-oxo-2-halogenobutanoTque represents par ta formule (III) 




dans laquelle 

Rs reprSsente un atome d'hydrogene, un groupe alkyle ayant de 1 ^ 10 atomes de carbone, un groupe aryle 
ayant de 6 a 15 atomes de carbone, un groups aralkyle ayant de 7 a 20 atomes de carbone ou les groupes 
mentionnes ci-dessus contenant un heteroatome dans le squelette carbone, 

Pi et P2 repressntent, independamment Tun de I'autre, un atome d'hydrogene ou un groupe protecteur d'un 
groupe amino ou P^ et Pg torment ensemble un groupe difonctionnel protecteur d'un groupe amino, R, repre- 
sente un groupe alkyle ayant de 1 a 1 0 atomes de carbone, un groupe aryie ayant de 6 a 1 5 atomes de carbone 
ou un groupe aralkyle ayant de 7 a 20 atomes de carbone et 
X represente un atome d'halogene autre qu'un atome de fluor; 

ou son sel. 

Compose ou son sel selon la revendication 6, dans lequel ratome de carbone portant le groupe amino presente 
une configuration S, sauf pour le cas ou Rs est un atome d'hydrogene. 

Compose ou son sel selon la revendication 6, dans lequel Tatome de carbone portant le groupe amino pr6sente 
une configuration R, sauf pour le cas ou Rs dans la formule (III) est un atome d'hydrogene. 

ProcSdS pour la production d'un ester de I'acide 4-amino-3-oxo-2-halogSnobutanoTque de formule (III) 
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Rs X 



dans laquelle P^, P2, R^, Rs et X sont tels que d^finis dans la revendication 1, comprenant la reaction d'un 
compost de formule (II) 



?i O O 




Rs 



1 0. Procede pour la production d'un derive ester de I'acide 4-amino-3-oxo-2-halogenobutanoique ou son sel de formule 
(III) 



?i o o 




Rs X 



dans laquelle Rs, P^, P2, X et sont tels que ddflnis dans la revendication 1, comprenant la reaction d'un 
compost de formule (I) 




(I) 



Rs 



dans laquelle Rs, P^, P2, X et sont tels que definis dans la revendication 3 avec un enolate de metal 
alcalin d'un compost de formule (IV) 

O 

dans laquelle X et sont tels que definis dans la revendication 3. 
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